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TRANTEMP: A Code for Calculating 
Transient Temperature Distributions 

in Reactor Hydraulic Rabbit Facil i t ies 

by 

Bryant N. Kristianson 

ABSTRACT 

Written in FORTRAN for the CDC-3600 computer, 
the TRANTEMP Code (ANL designation: RE-418X) solves 
a set of numerical heat-balance equations. These equations 
describe the space- and time-dependent temperatures p r e ­
vailing in a cylindrical, hydraulic rabbit assembly, which 
is heated by nuclear radiation and cooled by flowing water. 
Included are the mathematical model, the computer input 
specifications, a sample problem, and a FORTRAN listing 
of the code . 

I. INTRODUCTION 

Increased interest in advanced nuclear power plants has reflected 
a corresponding increase in the need for reactor test facilities for both 
shor t - and long-term irradiation of potential fuels and structural mater ia ls 
in environments approximating the high neutron fluxes, tempera tures , and 
p ressu res anticipated in these plants. 

Of the many types of static or dynamic irradiation facilities provided 
in r e sea rch reac tors and some production reac tors , a most versati le type is 
the rabbit facility. Depending on the type of reactor and the experimental 
res t r ic t ions , small samples (rabbits) of candidate mater ia ls can by cycled 
into and out of the reactor core through pneumatic or hydraulic systems 
which penetrate the core . In either system, valuable irradiation data can 
be obtained up to the tempera ture , heat t ransfer , and hydraulic limits 
imposed by the reactor . The advantage of these systems is that, unlike 
some other types of irradiation facilities which require reactor shutdown 
for insertion of experiments, a large number of i rradiat ions can be 
performed independently of reactor operation. 

Coordination between reactor operation and safety is a vital factor 
in the planning, design, and hazards analysis of in-pile rabbit sys tems. 
Many of the experiment controls must be interlocked with reactor safety 
circui ts to safeguard the reactor and experiment from potentially hazardous 



c o n d i t i o n s . Sys t em p a r a m e t e r s or o p e r a t i n g c h a r a c t e r i s t i c s l i ke ly to p r o ­
m o t e t h e s e cond i t ions m u s t be i n t e r l o c k e d with r e a c t o r c o n t r o l c i r c u i t s to 
in i t i a te r e a c t o r shutdown or to effect power r e d u c t i o n s a t a r a t e c o n s i s t e n t 
with the n a t u r e of the h a z a r d . 

The a r r a y of v e r t i c a l i r r a d i a t i o n t e s t f a c i l i t i e s p r o p o s e d for i n s t a l ­
la t ion in the In t e rna l T h e r m a l Co lumn (ITC) of the w a t e r - c o o l e d and 
- m o d e r a t e d Argonne Advanced R e s e a r c h R e a c t o r (AARR) '* inc luded five 
hyd rau l i c r a b b i t t u b e s . T h e s e w e r e to o p e r a t e safe ly a t a l l t i m e s ; they 
w e r e not to c a u s e , c o n t r i b u t e to, or in tens i fy any po ten t i a l l y d a n g e r o u s 
r e a c t o r c o n d i t i o n s . Such cond i t ions could have inc luded c r e a t i o n of vo ids 
in the ITC, r e a c t o r power e x c u r s i o n s c a u s e d by p o s i t i v e r e a c t i v i t y inpu ts 
a s s o c i a t e d with r a b b i t m o v e m e n t , and m e l t i n g of the r a b b i t . 

Some of t he se cond i t ions could be a t t r i b u t e d to c e r t a i n h e a t - t r a n s f e r 
p r o b l e m s which m i g h t be e n c o u n t e r e d du r ing o p e r a t i o n of the r a b b i t f a c i l i t i e s . 
Of p a r t i c u l a r i n t e r e s t w e r e p r o b l e m s of t r a n s i e n t hea t ing and h e a t t r a n s f e r 
a s s o c i a t e d wi th r e a c t o r p o w e r f luc tua t ions , c h a n g e s in coo lan t f l o w r a t e , coolant 
flow r e v e r s a l which p r e f a c e s r a b b i t r e m o v a l o p e r a t i o n s , and r a b b i t m o v e ­
m e n t . F o r e x a m p l e , the t i m e e l a p s e d dur ing flow r e v e r s a l wi l l r e f l e c t a 
t e m p e r a t u r e r i s e in the r a b b i t and coo lan t and a f luc tua t ion in the coo lan t 
p r e s s u r e . An i n c r e a s e in coo lan t t e m p e r a t u r e , c o m b i n e d wi th a d e c r e a s e 
in coolan t p r e s s u r e , could l ead to boi l ing at the r a b b i t s u r f a c e , with a 
p o s s i b l e r e s u l t a n t i n c r e a s e in r e a c t i v i t y due to void f o r m a t i o n in the ITC, 
and a p o s s i b l e d e c r e a s e in h e a t t r a n s f e r f rom the r a b b i t . In such an event , 
a cont inued i n c r e a s e in the t e m p e r a t u r e of the r a b b i t could r e s u l t in i t s 
p a r t i a l or to ta l m e l t d o w n . Under t h e s e cond i t i ons , a l a r g e s u r g e of p r e s ­
s u r e r e s u l t i n g f rom flow r e v e r s a l could t e r m i n a t e in f a i l u r e of the r a b b i t 
faci l i ty tubing, if a p r o p e r r e a c t o r power r e d u c t i o n or to ta l shutdown had 
not been effected. Thus , a me thod for comput ing the t r a n s i e n t h e a t gene ra t i on 
and t e m p e r a t u r e d i s t r i b u t i o n s was e s s e n t i a l to a c o m p r e h e n s i v e des ign and 
safety a n a l y s i s of the p r o p o s e d i n s t a l l a t i o n . 

T r a n s i e n t h e a t - t r a n s f e r a n a l y s i s in th i s c a s e invo lves c o m p l e x 
n u m e r i c a l c a l c u l a t i o n s thcit a r e b e s t p e r f o r m e d wi th a d ig i ta l c o m p u t e r . 
B e c a u s e of de f i c i enc i e s in a v a i l a b l e t r a n s i e n t h e a t - t r a n s f e r c o m p u t e r 
codes , a code was deve loped for ana lyz ing h e a t t r a n s f e r in the AARR 
hydrau l i c r abb i t s y s t e m under a l l t r a n s i e n t cond i t i ons , inc luding flow 
r e v e r s a l and r a b b i t e j ec t i on . A p p r o p r i a t e l y en t i t l ed T R A N T E M P and 
w r i t t e n in F O R T R A N for a CDC-3600 c o m p u t e r , the code s o l v e s a s e t of 
n u m e r i c a l h e a t - b a l a n c e equa t ions which d e s c r i b e the s p a c e - and t i m e -
dependent t e m p e r a t u r e s in a c y l i n d r i c a l h y d r a u l i c r a b b i t a s s e m b l y h e a t e d 
by nuc l ea r r a d i a t i o n and coo led by flowing w a t e r . 

*The AEC terminated the AARR Project in April 1968. 



Although developed specifically for analysis of the AARR hydraulic 
rabbit system, the TRANTEMP code possibly can be used to analyze 
s imilar systems in other water-cooled r eac to r s . To facilitate such use, 
this report describes the pertinent system and transient heat balance equa­
tions, gives the computer input specifications, details a sample problem, 
and includes a FORTRAN listing of the code. 

II. INTERNAL THERMAL COLUMN IRRADIATION FACILITY 

Located centrally in the reactor core, the ITC contains an assembly 
designated the ITC Facility) of nine vertical tubes for shor t - and long-( 

term irradiation of encapsulated samples in a region of high the rmal ' 
neutron flux (maximum unperturbed flux = 5.5 x 10'^ n/(cm2)(sec) at 
100 MW). With reference to the plan view (Fig. 1), the assembly comprises 

five hydraulic rabbit tubes, two pneumatic rabbit U-tubes, and two static 
basket tubes. Long-term irradiat ions (several core cycles) are performed 
in the static basket tubes, which are inaccessible during reactor operation. 
Irradiations of a few milliseconds duration are performed in the fast-gas 
rabbit U-tube. Short to long irradiations (seconds to core life) are pe r ­
formed in the gas-cooled rabbit U-tube and the hydraulic rabbit tubes. 

STATIC BASKET TUBE 
(0 75 0 0 I O 620 I D } 

GAS RABBIT U-TUBE 
(0 25 0 0 I 0 125 I 0 ) 

HVDAAULIC RABBIT TUBE 

(0 75 0 0 • 0 620 I 0 ) 

SCALE IN INCHES 

Fig. 1. Plan View of ITC Irradiation Test Facilities in AARR 

The ITC F a c i l i t y i s a t w o - p i e c e , i n t e r l o c k e d a s s e m b l y which 
p e n e t r a t e s a q u i c k - o p e n i n g c l o s u r e plug in the r e a c t o r v e s s e l . The l o w e r , 
t u b u l a r s e c t i o n , wh ich c o n t a i n s a l l the i r r a d i a t i o n f a c i l i t i e s , ex t ends d o w n ­
w a r d about 13 ft f rom the top of the r e a c t o r v e s s e l and t e r m i n a t e s j u s t 
be low the c o r e . It is s u p p o r t e d v e r t i c a l l y by the q u i c k - o p e n i n g c l o s u r e 
plug and l a t e r a l l y by gu ides above and be low the c o r e . Dur ing r e a c t o r 
fueling o p e r a t i o n s , the l o w e r s e c t i o n is i n s t a l l e d and r e m o v e d a s a o n e -
p i e c e un i t . The u p p e r s e c t i o n c o n t a i n s the f i t t ings tha t i n t e r c o n n e c t wi th 
the v a r i o u s h y d r a u l i c and g a s r a b b i t t u b e s ; i t i s m o u n t e d a top , and b r e e c h -
l o c k e d to , the c l o s u r e p lug . Seal ing is e f fec ted by syn the t i c r u b b e r O - r i n g s 
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Dur ing r e a c t o r ope ra t i on , p r i m a r y coo lan t flow is m a i n t a i n e d t h r o u g h 
and a round the lower sec t ion , the s t a t i c b a s k e t t u b e s , and the h y d r a u l i c r a b b i t 
tubes by us ing the r e a c t o r - c o r e p r e s s u r e d r o p . Cooling w a t e r above the c o r e 
e n t e r s each tube, flows down and a r o u n d the s a m p l e , and d i s c h a r g e s be low 
the c o r e The ou te r s u r f a c e of the ITC a s s e m b l y hous ing is coo led by p r i ­
m a r y coolant , which flows th rough the annulus f o r m e d by the hous ing and 
the ITC s h r o u d (see F i g . 1). Bulk ITC w a t e r wi th in the hous ing is u s e d to 
cool the ou te r s u r f a c e s of the i r r a d i a t i o n - f a c i l i t y t u b e s ; i t s ve loc i ty is kept 
in ten t iona l ly low to p r e v e n t r ap id i n t r o d u c t i o n of voids in th is a r e a . Coolan t 
e n t e r s the bulk ITC vo lume th rough p o r t s in the ITC s h r o u d , flows u p w a r d 
to the top of the lower ITC a s s e m b l y hous ing and down t h r o u g h the hous ing , 
and d i s c h a r g e s th rough ho les in the r a b b i t tube l a t e r a l - s u p p o r t g r i d p l a t e . 
A p r e s s u r e d i f fe ren t ia l of -110 ps i is a v a i l a b l e ove r the ITC fac i l i ty . 

The gas r a b b i t U- tube and the f a s t - g a s r a b b i t U - t u b e a r e i n t e r n a l l y 
cooled by he l ium flow only when a s a m p l e is be ing i r r a d i a t e d . Hea t g e n ­
e r a t e d by the i n - c o r e faci l i ty h a r d w a r e is r e m o v e d by the p r i m a r y coolan t 
w a t e r . 

III. ANALYTICAL D E V E L O P M E N T 

A. H e a t - t r a n s f e r Model 

The mode l u s e d in the 
shown in F i g . 2, i t c o n s i s t s of 

- ITC WATER C E L L -

j l ITC BULK COOLING WATER ; I 

Fig. 2, Partial-section Schematic 
Diagram of One Hydraulic 
Rabbit Assembly 

a n a l y s i s is c y l i n d r i c a l in g e o m e t r y . As 
the I T C - h e a t e d length of one h y d r a u l i c 

r abb i t , the r a b b i t cool ing w a t e r , the 
r a b b i t tube , and the ITC cooling w a t e r 
in the ce l l s u r r o u n d i n g the r a b b i t tube . 
The w a t e r in e a c h cool ing s y s t e m flows 
v e r t i c a l l y a t s o m e t i m e - d e p e n d e n t r a t e , 
the two r a t e s not n e c e s s a r i l y the s a m e . 
The r a b b i t m a y a l s o m o v e in a v e r t i c a l 
d i r e c t i o n at s o m e t i m e - d e p e n d e n t r a t e . 
T i m e - d e p e n d e n t hea t g e n e r a t i o n o c c u r s 
t h roughou t the h e a t e d zone . This hea t 
is supp l ied by the r e a c t o r via g a m m a 
and n e u t r o n r a d i a t i o n . 

B . A s s u m p t i o n s , Condi t ions , and B a s i c 
Equa t ions 

The following a s s u m p t i o n s , c o n ­
d i t i ons , and b a s i c equa t ions a r e p r e ­
r e q u i s i t e to a n u m e r i c a l so lu t ion for a 
h e a t - t r a n s f e r p r o b l e m of th i s type: 

1. All wa t e r p r e s e n t is a s s u m e d 
to be in the l iquid s t a t e . 
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2. The " n o r m a l " w a t e r flow d i r e c t i o n is d o w n w a r d . 

3. The r a b b i t i s a c y l i n d e r of h o m o g e n e o u s m a t e r i a l p e r f e c t l y 
c e n t e r e d in the r a b b i t t u b e . 

4 . The r a b b i t m o v e s only in the u p w a r d d i r e c t i o n when it d o e s 
m o v e . 

5. The i n i t i a l t e m p e r a t u r e m a p for the m o d e l is known. 

6. No r a d i a l t e m p e r a t u r e g r a d i e n t e x i s t s in e i t h e r of the two 
w a t e r s y s t e m s . 

7. R a d i a t i v e hea t t r a n s f e r i s n e g l e c t e d . 

8. O n e - d i m e n s i o n a l h e a t t r a n s f e r is by conduc t ion and c o n v e c t i o n 
in the r a d i a l d i r e c t i o n . 

9. Hea t t r a n s f e r o c c u r s in the t i m e i n t e r v a l whi le al l w a t e r and 
r a b b i t m o t i o n is " f r o z e n . " 

10. Hea t t r a n s p o r t * for a t i m e i n t e r v a l o c c u r s in one f in i te , 
d i s c r e t e " j u m p " ; i . e . , t i m e is " f r o z e n . " 

11 . The r a d i a l b o u n d a r y of the ITC w a t e r c e l l i s p e r f e c t l y i n s u l a t e d , 
i . e . , t h e r e i s no h e a t t r a n s f e r t h r o u g h the b o u n d a r y . 

12. S o l i d - m a t e r i a l p r o p e r t i e s a r e i n v a r i a n t with t e m p e r a t u r e . 

13. W a t e r p r o p e r t i e s a r e t e m p e r a t u r e - d e p e n d e n t . 

14. The noda l a r r a y is fixed in s p a c e . 

The b a s i c e q u a t i o n s used in the a n a l y s i s a r e a s fo l lows: 

F o r t i m e - d e p e n d e n t , o n e - d i m e n s i o n a l ( r ad i a l ) h e a t conduc t ion . 

d^T ^ 1 ^ ^_Q _ pc dT 
i j . ^ r Sr k k at (1) 

F o r t i m e - d e p e n d e n t h e a t b a l a n c e s in the two w a t e r z o n e s , 

h A ( T b ^ - T w ) + q = p V c - ^ . (2) 

With r e f e r e n c e to F i g . 3, r a d i a l nodes a r e f ixed a t e ight , wi th 
No. 1 to 3 e x i s t i n g only in the r a b b i t . No. 4 be ing the r a b b i t coo l an t node . 
No. 5 to 7 the n o d e s in the r a b b i t - t u b e wal l , and No. 8 the ITC coo lan t n o d e . 
R a d i a l n o d e s in the r a b b i t and r a b b i t - t u b e wa l l a r e equa l ly s p a c e d , but not 
n e c e s s a r i l y at the s a m e i n t e r v a l s in both . 

Heat transfer due to movement of heated bwdies of matter. 
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T 

1 

ITC WATER CELL 

^ 

^ — 

RADIAL 
NODES 

Fig. 3. Nodal Array Used in Analysis of 
One Hydraulic Rabbit Assembly 

In t h e a x i a l d i r e c t i o n , t h e n o d e s 

a r e l o c a t e d a t t h e c e n t e r of e q u a l - l e n g t h 

s e c t i o n s i n t o w h i c h t h e h e a t e d z o n e i s 

d i v i d e d . T h e s e s e c t i o n s , i n t u r n , a r e 

s e p a r a t e d i n t o t w o g r o u p s : r a b b i t - f r e e 

a n d r a b b i t - a f f e c t e d . 

C . T r a n s i e n t H e a t - b a l a n c e E q u a t i o n s 

1. H e a t T r a n s f e r i n t h e S t a t i o n -

a r y M o d e ( " F r o z e n " M o t i o n ) 

F o l l o w i n g t h e n o d a l a r r a n g e ­

m e n t a n d t h e m e t h o d of D u s i n b e r r e , ^ 

d e t a i l e d f i n i t e - d i f f e r e n c e e q u a t i o n s a r e 

d e r i v e d ( f r o m E q s . 1 a n d 2) t h a t d e s c r i b e 

t h e h e a t b a l a n c e f o r t h e r a d i a l n o d e s i n 

e a c h of t h e r a b b i t - f r e e a n d r a b b i t -

a f f e c t e d a x i a l s e c t i o n s . 

R a b b i t - f r e e S e c t i o n s ( N o d e s N o . 4 t o 8) 

N o d e N o . 4 

2 { T ® - T © ) Q, 

4 hTr 5 ' 5 

p c T 
'^\v w 

h=r = 

@ . T;.® 

At 
(3) 

Node No. 5 

8 h 3 r 3 ( T ® - T f ) ^ 4 ( 2 r , + A r , ) ( T ® - T ® ) _ Q ^ P m ^ m ^ ^ ^ ^ f ) 

kj„Ar5(4r5 + Ar5) (Arj) (4r5+Ar5) k^ k ^ A t 

Node No. 6 

(4) 

( 2 r , - A r J ( T f - T ? ) (2 r , + A r , ) ( T ® - T ? ) Q „ Pnfrn ,^® ^®, 

2r6(Ar(,)' 

Node No. 7 

2 r , ( A r , ) ' km km^t 

4 ( 2 r , - A r , ) ( T ® - T ® ) ^ 8 h , r , ( T f - T®) ^ . Q ^ ^ p^c^ ^^®_ ^®^ 

( A r e , ) ' ( 4 r , - A r J kj„(Ar J ( 4 r , - A r J k j^ k ^ ' ^ ' 

(6) 
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Node No . 8 

^ T , - Ta ) Q ^ _ Pw^w , ® .^® 

b . R a b b i t - a f f e c t e d S e c t i o n s (Nodes No. 1 to 8) 

Node No. 1 

i l Z L l I i i , ^ _ ^ m S n . ® ®, 
(Ar , ) ' k ^ - k ^ A t ^^1 - ^ ' > 

(7) 

(8) 

Node No. 2 

- i l i - ^ (T?- T?) . i l i ^ (X?- T?) . ^ = fmlHl (T?- T?) 
^'•^(^'•i) 2 r , ( A r i ) ' k ^ k ^ A t ' 

(9) 

Node No. 3 

4 ( 2 r 3 - A r 2 ) , © ©^ 
- ( T j - T j ) + 

(Ar2 ) ' ( 4 r3 -Ar , ) 

8 h , r , , © ® o „ 
— ( T ^ - T3 ) + J ± B . 

k ^ A r 2 ( 4 r 3 - A r , ) k ^ 

Pm'^m ® ® 
(T3 - T 3 ) 

kni^t (10) 

Node No. 4 

h r fT® T ® W 1, . IT® T®) 
"3^31^3 - f 4 ) + "S^slT; - T4 ) 

"̂ 3 / L 
^3'•3 + h j r j ^3^3 + hj rs 

Pw'^w^T'' - T4 ) 

{h3r3 + hsr j ) At 

N o d e s No . 5 to 8 

( H ) 

E q u a t i o n s for Nodes No. 5 to 8 a r e the s a m e a s E q s . 4 to 7, 
r e s p e c t i v e l y . The v a l u e s of a l l T© t e r m s in E q s . 3 to 11 a r e the s i m p l e 
a v e r a g e s of the b e g i n n i n g - o f - i n t e r v a l and e n d - o f - m t e r v a l t e m p e r a t u r e s ; i . e . . 

^i 2 ( 1 2 ) 
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When Eq. 12 is substituted into Eqs. 3 to 11, the only 
unknowns are the end-of-interval node tempera tures . These tempera tures 
are obtained by simultaneous solution of the appropriate sets of equations 
for each axial section. Since it is assumed that no axial heat t ransfer 
takes place, each axial section can be treated independently within each 
time interval. Also, since the solution is implicit, no iterating is involved 
and no restr ict ion need be placed on geometric pa ramete rs or duration of 
the time interval. The solution will not "blow up" because of a large 
geometrical increment or a long time interval; however, a degree of 
accuracy could be sacrificed for large input values in either case . 

2. Heat Transfer in the Moving Mode ("Frozen" Time) 

As mentioned ear l ier , heat transfer is assumed to occur in the 
time interval while all water and rabbit motion is "frozen." However, 
before the heat transfer is calculated, all heat t ransport for that time 
interval is allowed to take place in one finite, d iscrete "jump"; i.e., time 
is "frozen." Also, water expansion caused by heating is allowed to occur 
in the direction of water flow. 

Since all nodes are fixed in space, the node temperatures must 
be adjusted according to the amount of travel of the water and the rabbit. 
These adjusted temperatures are then used as the beginning-of-interval 
temperatures for heat- t ransfer calculations in the next stationary mode 
("frozen" motion). 

D. Empirical Formulations 

1. Heat-transfer Coefficient 

The heat- t ransfer coefficient used in some of the preceding 
transient heat-balance equations is determined according to the following 
bulk liquid correlation:^ 

2. Water Proper t ies 

following manner: •* 
Water propert ies in Eq. 13 are temperature-dependent in the 

(14) 0.3329 + 0.0003148T, 

u = 7.695 - 1 3 . 8 8 ( T / 1 0 0 ) + 12.ltf(T/l00)^ 
- 5 . 0 8 6 ( T / 1 0 0 ) ' + 0 . 8 1 7 6 ( T / 1 0 0 ) * , (15) 
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and 

Cp = 0.9970 + 0 . 1 7 7 7 ( T / I O O O ) - 2 . 0 9 0 ( T / 1 0 0 0 ) ^ 

+ 1 2 . 3 0 ( T / I 0 0 0 ) ^ - 1 8 . 3 3 ( T / I O O O ) ^ (16) 

Temperature-dependent water density (in Ib/ft^) is given by 

p = 62.20 + 1 . 2 7 0 ( T / 1 0 0 ) - 1 . 9 5 2 ( T / 1 0 0 ) ^ 

+ 0 . 5 6 3 8 ( T / I 0 0 ) 2 - 0 . 0 8 2 1 7 ( T / 1 0 0 ) ' » . (17) 

E. Steady-state Heat-balance Equations 

Steady-state equations are obtained by setting A T / A I equal to zero 
in Eqs. 3 to 11. These equations can then be solved quite readily without 
having to adjust node tempera tures because of water and rabbit movement. 

IV. METHOD OF SOLUTION 

A Order of Calculations 

Heat transfer in the stationary mode and heat t ransport in the 
moving mode a re computed for each successive time interval in the following 
order. 

1. Stationary Mode 
* 

a. The beginning-of-interval nodal temperature map is known, 
either being given as input for the first time interval or having been com­
puted from the previous time interval. 

b. Temperature-dependent propert ies are computed for the 
water in each axial section, using the beginning-of-interval nodal 
temperature miap. 

c. The flowrate in each coolant system is computed at the 
beginning-of-interval t ime, using straight-l ine interpolation applied to 
input values of time-dependent flowrate. 

d. Heat- t ransfer coefficients are determined for each axial 
section, using Eq. 13. 

e. T ime- and position-dependent heating ra tes at the 
beginning of the time interval are determined for the metal and water in 
each axial section by straight- l ine interpolation of the t ime-dependent and 
position-dependent heating ra tes , given as input. The heating rate in the 
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two coolan t s y s t e m s i s , in addi t ion , d e n s i t y - d e p e n d e n t ; it is c a l c u l a t e d 

knowing the wa t e r dens i ty in e a c h ax ia l s e c t i o n . 

At th i s point, a l l n e c e s s a r y va lue s for the ax ia l s e c t i o n 
equat ion s e t s a r e known excep t for the - d - o f - i n t e r v a l node t e m p e r a t u r 
T h e s e t e m p e r a t u r e s a r e obta ined by s i m u l t a n e o u s so lu t ion of the e q u a t i o n 
L t s a i d m i ; be p r i n t e d out a n d / o r u s e d for c a l c u l a t i o n s d u r i n g the m o v i n g -
mode a d j u s t m e n t s p r e p a r a t o r y to the next t i m e i n t e r v a l . 

2. Moving Mode 

f The node t e m p e r a t u r e s a r e ad jus t ed to a c c o u n t for w a t e r 
flow, w a t e r expans ion in the d i r e c t i o n of flow, and r a b b i t m o v e m e n t ^ If the 

ow is in the n o r m a l (downward) d i r e c t i o n , the w a t e r i n l e t t e m p e r a u r e 
u s e d is that given as an input v a l u e . If the flow is r e v e r s e d , the w a t e r 
" r e v e r s e " in le t t e m p e r a t u r e is a s s i g n e d the l a t e s t , h i g h e s t wa e r ou t le t 
t e m p e r a t u r e value d e t e r m i n e d dur ing flow in the n o r m a l d i r e c t i o n . T h e s e 
ca l cu l a t i ons a r e p e r f o r m e d s e p a r a t e l y and i ndependen t ly for the two coolant 
s y s t e m s . 

The amoun t of r a b b i t m o v e m e n t i s d e t e r m i n e d by s t r a i g h t -
l ine m t e r p o l a t i o n of input va lue s of r a b b i t pos i t ion vs t i m e . Rabb i t p o s i ­
t ion is the m e a s u r e d d i s t a n c e be tween the lower end of the r a b b i t and the 
lower end of the h e a t e d zone ( see F i g . 2). 

g. The ad jus ted node t e m p e r a t u r e s c o m p u t e d in th is m a n n e r 
r e p r e s e n t the t e m p e r a t u r e m a p input for s t a t i o n a r y - m o d e ( " f rozen" 
mot ion) h e a t - t r a n s f e r c a l c u l a t i o n s in the next t i m e i n t e r v a l . 

B. C o m p u t e r Input 

The s y m b o l s u s e d in th i s exp l ana t i on of the input deck s t r u c t u r e 
a r e for o r d e r l y ca t a log ing only; they do not i n t en t iona l ly c o r r e s p o n d to 
n o m e n c l a t u r e u s e d e l s e w h e r e in th i s r e p o r t . W h e r e a p p e a r i n g , I denote 
a f ixed-po in t ( i n t ege r ) input , and X a f l oa t i ng -po in t input . 

C a r d No.: 1 V a r i a b l e : II F o r m a t _ 112 

II = O New p r o b l e m . 

= 1 Cont inue p r e v i o u s l y c o m p l e t e d p r o b l e m . 

= 2 Cont inue p r e v i o u s p r o b l e m , which was t e r m i ­

n a t e d b e c a u s e a l lowed c o m p u t e r t i m e was 

e x h a u s t e d . 
• F o r m a t : 4A72 

C a r d No. . 2-5 
Any t i t le d e s i r e d . F o u r c a r d s m u s t be u s e d , 
even if s o m e a r e left b lank . 

i t e s 



17 

C a r d No. : 6 V a r i a b l e s : 12, 13, 14, 15, 16, 17 F o r m a t : 6112 

12 To ta l n u m b e r of a x i a l s e c t i o n s (£50). 

13* Axia l s e c t i o n in i t i a l l y con ta in ing l o w e r end 
of r a b b i t . 

14* Axia l s e c t i o n in i t i a l ly con ta in ing uppe r end 
of r a b b i t . 

15 To ta l n u m b e r of p a i r s of v a l u e s (£50) for 
n o r m a l i z e d (to va lue a t t i m e z e r o ) h e a t -
g e n e r a t i o n r a t e vs t i m e . 

16 T o t a l n u m b e r of p a i r s of v a l u e s (S50) for 
n o r m a l i z e d (to va lue a t t i m e z e r o ) r a b b i t -
tube f l owra t e vs t i m e . 

17 To ta l n u m b e r of p a i r s of v a l u e s (£50) for 
r a b b i t pos i t ion vs t i m e . 

C a r d No. : 7 V a r i a b l e s : 18, 19, 110, 111, 112, 113 F o r m a t : 6112 

18 = 0 Debug option is a c t i v a t e d , and m a n y 
q u a n t i t i e s a r e p r i n t e d a s they a r e c o m p u t e d 
(not n o r m a l l y u s e d for p r o d u c t i o n r u n s ) . 

= 1 Debug opt ion is s u p p r e s s e d . 

19 = -1 All in i t i a l node t e m p e r a t u r e s have a s ing l e 
va lue (XI2 in the fo l lowing) . 

= 1 All in i t i a l node t e m p e r a t u r e s a r e r e a d in 
point by point (X?3 in the fol lowing) . 

110 = 0 In i t ia l node t e m p e r a t u r e s (X12 or X23) a r e 
o v e r r i d d e n by a s t e a d y - s t a t e c a l c u l a t i o n 
which d e t e r m i n e s the s t e a d y - s t a t e t e m p e r a ­
t u r e m a p of the m o d e l . 

= 1 S t e a d y - s t a t e c a l c u l a t i o n is b y p a s s e d . 

111 = 0 P r o b l e m is t e r m i n a t e d a f t e r p r i n t o u t of 
s t e a d y - s t a t e t e m p e r a t u r e m a p . 

= 1 P r o b l e m con t i nues following p r i n t o u t of 
s t e a d y - s t a t e t e m p e r a t u r e m a p . 

112 C o m p u t e / p r i n t r a t i o for the t e m p e r a t u r e 
m a p . 

113 T o t a l n u m b e r of p a i r s of v a l u e s (£50) for 
n o r m a l i z e d (to va lue a t t i m e z e r o ) p r i m a r y 
flow vs t i m e . 

If the end of rabbit does not extend more than halfway into secnon, then the section is to be considered 
rabbit-free. 
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C a r d No.: 8* V a r i a b l e s - X l a , X l b , X l c , . . . ^ " ^ " ^ ^ t . 6E12 .5 

X l a I n n e r - t o - o u t e r r a d i i for r a d i a l Nodes 
X l b No. 2 to 8 (in i n c h e s ) . 

X l c 

C a r d No.: 9 V a r i a b l e s : X2, X3, X4, X5, X6, X7 F o r m a t : 6E12 .5 

X2 Length of hea t ed zone (in i n c h e s ) . 

X3 Length of r a b b i t or to ta l l eng th of s e v e r a l 

r a b b i t s p l a c e d end to end (in i n c h e s ) . 

X4 Ini t ia l r a b b i t pos i t ion (in i n c h e s ) . 

X5 Compu ta t i on t i m e i n t e r v a l (in s e c o n d s ) . 

X6 De layed t i m e a t which the debug opt ion wi l l 

be a c t i v a t e d if it w a s not a c t i v a t e d in i t i a l l y 
(in s e c o n d s ) . 

X7 P r o b l e m t e r m i n a t i o n t i m e (in s e c o n d s ) . 

C a r d No.: 10 V a r i a b l e s : X8, X9, XIO, X11 F o r m a t : 4E12 .5 

X8 Ini t ia l a x i a l - p o s i t i o n - d e p e n d e n t peak hea t ing 
r a t e in the w a t e r s y s t e m s (in w / g ) . 

X9 In i t ia l a x i a l - p o s i t i o n - d e p e n d e n t peak hea t ing 
r a t e in the m e t a l (in W / g ) . 

XIO In i t ia l m a s s f lowra te in the open r a b b i t tube 
(in lb/ (hr)( f t2)) . 

X I 1 Ini t ia l m a s s f lowra te in the p r i m a r y w a t e r 

ce l l (in lb / (hr) ( f t2) ) . 

C a r d No.: 11 V a r i a b l e s : X 12, X 13, X 14, X 15, X16, X17 F o r m a t : 6E12.5 

X12 C o n s t a n t t e m p e r a t u r e va lue for the in i t i a l 
node t e m p e r a t u r e s (in °F ) . 

X13 Bulk w a t e r in l e t t e m p e r a t u r e for the tube 
w a t e r (in °F ) . 

X14 Bulk w a t e r i n l e t t e m p e r a t u r e for the p r i ­
m a r y w a t e r ce l l (in °F) . 

X15 Meta l conduc t iv i ty (in Btu / (h r ) ( f t ) ( ' 'F ) ) . 

X16 Meta l dens-ity (in Ib/ft^) . 

X17 M e t a l spec i f ic hea t (in B tu / ( l b ) ( °F ) ) . 

Continuation onto one more card is necessary. 



19 

C a r d No. : 12* V a r i a b l e s : X18a, X18b, X18c, . . . F o r m a t : 6E12 .5 

X18a In i t ia l n o r m a l i z e d (to m a x i m u m value) ax ia l 
X18b h e a t - g e n e r a t i o n p r o f i l e . 
X18c 

C a r d No. : 13* V a r i a b l e s : X19a, X19b, X19c, . . . F o r m a t : 6E12 .5 

X19a P a i r s of v a l u e s for n o r m a l i z e d (to va lue a t 
X19b t i m e z e r o ) h e a t - g e n e r a t i o n r a t e vs t i m e (in 
X19c s e c o n d s ) . T i m e is g iven f i r s t for e a c h pair . 

Card No. : 14* V a r i a b l e s : X20a, X20b, X20c, . . . F o r m a t : 6E12 .5 

X20a P a i r s of v a l u e s for n o r m a l i z e d (to va lue a t 
X20b t i m e z e r o ) r a b b i t - t u b e f l owra t e vs t i m e (in 
X20c s e c o n d s ) . T i m e is g iven f i r s t for each p a i r . 

C a r d No. : 15* V a r i a b l e s : X21a, X21b, X21c, . . . F o r m a t : 6E12 .5 

P a i r s of v a l u e s for n o r m a l i z e d (to va lue a t 
t i m e z e r o ) p r i m a r y w a t e r ce l l f lowra te vs 
t i m e (in s econds )* T i m e is g iven f i r s t for 
e a c h p a i r . 

C a r d No.: 16* V a r i a b l e s : X22a, X22b, X22c, . . . F o r m a t : 6E12 .5 

X22a P a i r s of v a l u e s for r a b b i t pos i t i on (in 
X22b i n c h e s ) vs t i m e (in s e c o n d s ) . T i m e is 
X22c g iven f i rs t for e a c h p a i r . 

V a r i a b l e s : 

X21a 
X21b 
X21c 

Continue on as many cards as necessary. 
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Card No.: 17* Variables: X23a, X23b, X23c, . . . f o r m a t : 6E12.5 

X23a If 19 = 1, initial node tempera tures (in °F) 
X23b read in point by point ( inner-to-outer radial 
X23c nodes for each axial section from top to 

bottom). Dummy filler values must be used 
in axial sections where radial Nodes No. 1 
to 3 do not exist. 

C. Computer Output 

The standard output for a problem consists of: 

1. The input data in the order in which it appears on the input 

cards . 

2. A geometric map of the model with the rabbit in its initial 

position. 

3. The input temperature map with node temperatures placed 
as shown on the geometric map. 

4. The overriding steady-state temperature map, if it is 
computed. 

5. T i m e - d e p e n d e n t t e m p e r a t u r e m a p s . 

V. G E N E R A L A P P L I C A B I L I T Y 

The T R A N T E M P code p r o b a b l y wi l l find i t s p r i m a r y u s e d i r e c t e d 
toward d e t e r m i n i n g r e a c t o r o p e r a t i n g cond i t i ons u n d e r which boi l ing migh t 
occu r in a h y d r a u l i c r a b b i t s y s t e m . Since the s y s t e m w a t e r is a lways 
a s s u m e d to be in the l iquid s t a t e , the o n s e t of bo i l ing , a l though not "f lagged" 
by the code , can be d e t e r m i n e d if the s y s t e m p r e s s u r e i s known, by e x a m ­
ining the c a l c u l a t e d t i m e - d e p e n d e n t w a t e r t e m p e r a t u r e s . 

T h e r e is no l i m i t on the r a n g e of f l o w r a t e s tha t c a n be u s e d in e i the r 
the r a b b i t cool ing s y s t e m or the r a b b i t - t u b e cool ing s y s t e m , and t h e s e two 
f l o w r a t e s a r e c o m p l e t e l y i n d e p e n d e n t of e a c h o t h e r . M o r e o v e r , t h e r e i s no 
l i m i t on the hea t ing r a t e r a n g e or on the ax ia l h e a t - g e n e r a t i o n p r o f i l e . 
T h e r e f o r e , the c o n s e q u e n c e s of tube- f low b lockage can be a n a l y z e d 

Any d i m e n s i o n s can be u s e d to fit any given h e a t - t r a n s f e r m o d e l ; 
the only r e s t r i c t i o n i s that c y l i n d r i c a l g e o m e t r y m u s t be u s e d . 

*Continue on as many cards as necessary. 
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The TRANTEMP Code can be adapted for use on any computer 
with a 32k memory that can process coding written in the FORTRAN 
language. No unusual l ibrary functions are required. Finally, because 
the number of radial nodes (hence, the maximum number of equations 
requiring simultaneous solution) is fixed at eight, the running time for 
any problem is almost directly proportional to the number of axial 
sections and inversely proportional to the duration of the computation 
time interval . For example, the hypothetical problem analyzed in 
Appendix A required 138 sec of running time on the CDC-3600 computer. 
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APPENDIX A 

Sample Problem 

The computer input and output displayed in this appendix are i l lus t ra ­
tive of a hypothetical hydraulic rabbit system problem which can be solved 
using the TRANTEMP code described in the text. 

The input information for the sample problem is reproduced on 
pages 24 and 25. The listing of the input deck is given on page 26. 

Appendix B gives a complete listing of the FORTRAN source deck. 

1. Problem Input 

The following explanatory comments are made with reference to 
the input data sheets and the corresponding instructions given in 
Section IV.B of the text. 

Card No 1. This is a new problem (II = 0). 

Card No. 6. There are 20 equal-length axial sections (12). Axial 
section No. 4 initially contains the lower end of the rabbit (13). Axial 
section No. 17 initially contains the upper end of the rabbit (14). There 
are seven pairs of values (15) for normalized heat-generation rate vs 
time, seven pairs of values (16) for normalized tube flow vs time, and 
ten pairs of values (17) for rabbit position vs time. 

Card No. 7. The debug option is suppressed (18 = 1). The initial 
node temperatures all have a single value (19 = -1); however, these tem­
peratures are overridden (110 = 0) by a steady-state temperature map 
calculation based on time-independent conditions evaluated at time zero. 
The problem continues following printout of the steady-state temperature 
map (111 = 1). Every 10th time-dependent temperature map computed 
is printed out (112 = 10). There are seven pairs of values (113 = 7) for 
normalized primary flow vs t ime. 

Cards No. 8. The inner- to-outer radii (r^, r^, .... rg) are, respectively, 
0.125, 0.25, 0.28125, 0.3125, 0.34375, 0.375, and 0.5 in. (Xla. Xlb, ..., Xlg). 
Radius rj is always taken to be zero . 

Card No. 9. The length of the heated zone is 27.559 in, (X2). The 
rabbit is 20 in. long (X3) and centered in both the radial and axial directions. 
The bottom of the rabbit is 3.7795 in. above the bottom of the heated 
zone (X4). The computation time interval is 0.01 sec (X5). The debug 
option is to be activated at 10 sec (X6); however, since the problem t e rmi ­
nation time is 4 sec (X7), this option will not be activated. 
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Card No. 10. The maximum initial heating rate is 138 w / g in the 
two water systems (X8) and 72 w/g in the metal (X9). The initial mass 
flowrate is 1.4 x lO' lb/(hr)(ft^) in the open rabbit tube (XIO) and 
8.9796 X 10^ lb/(hr)(ft^) in the pr imary water cell (XI1). 

Card No. 1 1. The single constant temperature value for the 
initial node tempera tures (X12) is 130°F. The bulk water inlet temperature 
for both the tube (X13) and pr imary water (X14) is 120°F. The metal is 
aluminum, with a conductivity (X15) of 123.12 Btu/(hr)(ft)(°F), density (X16) 
of 168 512 lh/it\ and specific heat (X17) of 0.215 Btu/(lb)(°F). 

Cards No. 12. An assumed sinusoidal axial heat-generation profile 
over the length of the heated zone is approximated by the 20 normalized 
node values as given on the input ca rds . 

Cards No. 13. The pairs of values for normalized heat-generation 
rate vs time are listed in order for the following times: 0.0, 0.25, 0.5, 
0.76, 1.0, 2.0, and 5.0 sec. 

Cards No. 14. The pairs of values for normalized rabbit-tube 
flowrate vs time are listed in order for the following times: 0.0, 0.25, 
0 5, 0 75, 1.0, 3.0, and 5.0 sec. 

Cards No. 15. The pairs of values for normalized pr imary water 
cell flowrate vs time are listed in order for the following times; 0.0, 0.25, 
0.5, 0.75, 1.0, 3.0, and 5.0 sec. 

Cards No. 16. The pairs of values for^'abbit position vs time are 
listed in order for the following times: 0.0, 0.75, 1.0, 1.1, 1.2, 1.3, 1.4, 
2.0, 3.0, and 5.0 sec. The rabbit must not proceed in a reverse direction 
at a rate greater than the r eve r se rabbit-tube water flow (values given on 
Cards No. 14). If input is inadvertently submitted so that this situation 
occurs, a diagnostic message will be printed and the problem terminated. 

Cards No. 17. Since 19 = - 1 , this set of cards is omitted. 

2. Problem Output 

The output for the sample problem is reproduced on pages 27 to 60. 



IKPUT DATA 

PROGRAM I R A N I 

1 2 3 4 5 6 7 8 9 

* l * i * i * i * i * 

* l * l * i * , * i * 

* , * , • , * , * , * 

* i * i * i * i * ^ 

EMP PROBLEM SAMPLE 

1 

0 1 2 3 4 5 6 7 8 9 

1 1 1 1 lO 

* i * , * , * , * , * 

* i * i * , * i * i * 

* i * i * , * i * , * 

+ 1 * 1 * , * , * , * 

, , , ,2,0 

1 

, ,. , l i 2 ,5 

, , , , . ,5 

2,7,. ,5,5,9 

, ,1,3,8,. 

, , l i 3 , 0 , . 

. ,0,7,8,4,6 

. ,8,5,2,6,4 

. ,9 ,2 ,3 ,88 

.,2,3,3,4,5 

1 , , , 0 , . 

, , ,. ,7,5 

, , ,5 , . 

1 2 3 < S 6 7 8 9 

,0,. 

* , * , • , +, *, + 

*,*,*,*,*,* 
* | * , * , * , + , * 

* i * , * i + i * , + 

, , , , , 

* 
* 
* 
* 

0 1 2 3 4 5 6 7 8 9 

1 

2 

0 1 2 3 4 5 6 7 8 9 

I ' l l 

* | * , * , * i * 

* | * 1 *1 *1+ 

* l * , * i * , * 

* i * l * , * i * 

, , , 4 

1 , i - < l 

, ,.,2,5 

,2,0,. 

, ,7,2,. 

11 ,2 ,0 , . 

2,3,3,4,5 

9,2,3,8,8 

8,5,2,6,4 

0,7,8,4,6 

, 1 , 1 , . 

, . ,9,2,5 

, 1 , . , 5 

, , , 1 , . 

*,*,*,*,* 
*,*,*,*,* 
* , * , * , + ,* 

*,*,*,*,* 

0 1 2 3 4 5 6 7 8 9 

2 

ORIGINATOR 

3 

0 1 2 3 4 5 6 7 8 9 

^*_ 
{*_ 

[*_ 

[*_ 

* f * i * , T , l , T 

* f * , * , T , l , T 

* , * , * , T , 1 , T 

* r * , * , T , I , T 

, , 1 ,1 ,7 

0 

. ,2 ,8 i l .2 ,5 

3,. ,7,7,9,5 

l i . 4,E,+,6 

1 i l , 2 , 0 , . 

• ,3,8,2,6,8 

. ,9,7,2,3,7 

. ,7,6,0,4,1 

, 1 , . , 2 , 5 

, 1 1 , 1 , . 

L ,E ,1 

L ,E ,2 

l , ,E,3 

L |E|4 

0 1 2 3 4 5 6 7 8 9 

3 

4 

0 1 2 3 4 5 6 7 8 9 

* , * r * 

* i * f * 

*,*,* 
*,*.* 

8i . ,9 

*,* ,*,*,*.* 
* ^ , • , * , * , * 

* f* , * , * , * , • 

* r * , * , * , * , * 

7 

1 

,.,3,1,2,5 

, , . ,0 ,1 

7,9,6,E,+,5 

1|2,3,.,1,2 

. ,5,2,2,5,0 

. ,9,9,6,9,2 

. ,6 |4 i9,4,5 

, 1 I. , 9 ,9 

8,5 

_! 1 , , . , 5 

* 
+ 

* 
* 

0 1 2 3 4 5 6 7 8 9 

4 

DATE 

5 6 

0 1 2 3 4 5 6 7 8 9 0 

* , * 1 *1*1* 

* | * I * I * I * 

* ** * * 
* j * , + ,+ i * 

1 1 1 ,1 

*,*,*,*,*,* 
* l * l * l * l * l * 

*,*,*,*,*,* 
* , * , • , * , * , * 

1 , , ,1 ,0 

.,3,4,3,7,5 

, , ,1,0,. 

1 1 , , 1 

6 i8 , . , 5 , l , 2 

• i M , 9 , 4 , 5 

. ,9|9|6,9,2 

.,5,2,2,5,C 

1 1 1 1. i5 

1 , , ,. 5 

0 1 2 3 4 5 6 7 8 9 0 

5 6 

PAGE 1 

1 2 3 4 5 6 7 8 9 

*,*,*,*,*,* 
* l * , * l * , * , * 

*,*,*,*,*,* 
*,*,*,*,*,* 

I I I , , 

OF 2 

7 8 

0 1 2 3 4 5 6 7 8 9 0 

• , * , * , * , * | * | C , A , R P , , , 2 , 

*,*,*,*,*,* 
+!* ,+,* , * , • = , A , R P , , , 4 , 

* , * , * , * , * , * C , A , R D , , ,5 , 

1 , 1 i l i O 

7 

1 ,. , 3 , 7 , 5 

, , 1 , 4 , . 

l ^ i A i R P , , ,6 

C | A , R P , , ,8 ,A 

C A . R P , , ,8,B 

C , A , R P , , , 9 , 

C | A , R p , , 1 , 0 , 

, , . i 2 , l , 5C ,A ,Rp , , 1 ,1 , 

. , 7 , 6 ,04 ,1 C , A . R p 1 2|A 

. ,9 ,7,2,3,7c,A,RB, ,1,2,B 

. ,3,8,2,6,8C,A,Rp, , l , 2 p 

, ,. |9,7,5 

, , , . ,5,3 

1 2 3 4 5 6 7 8 9 

, 0 , . 

C , A , R p , | 1 |2 |D 

C | A , R p , ,1 |3 ,A 

C , A , R P , ,1 ,3 ,8 

C , A , R P | ,1 ,3 |C 

C . A . R p , , 1 ,4 |A 

0 1 2 3 4 5 6 7 8 9 0 

7 8 



INPUT DATA 

PROGRAM 

1 2 3 4 5 6 7 89 

1 1 1 1--I- — L X -

1 2 3 4 5 6 7 8 9 

PROBLEM 

1 |2 

0 1 2 3 4 5 6 7 8 9 | o 1 2 3 4 5 6 7 8 9 

. ,7,5 

,5,. 

,0 l . 

l , J l 5 . 

,5,. 

,0, . 

l l . ,1 

l l . ri 

. 5 i . 

3 

0 1 2 3 4 5 6 7 8 9 

1 , - , . , 5 

I i - i l l . 

1 1 i l l . 

1 i - i . i 5 

, i - i l , . 

. ,7 ,7 ,9? 

1 , l i 7 , . 

, ,3iO,. 

, ,3,8,. 

1 , , , 

1 1 1 1 

1 1 1 1 

I I I . 

, 1 1 1 

1 1 1 1 

1 1 1 1 

1 1 1 1 

1 1 1 1 

, 1 1 1 

1 1 1 1 
0 1 2 3 4 5 6 7 8 9 

1 |2 

ORIGINATOR 

3 

0 1 2 3 4 5 6 7 8 9 

1 , 1 i l l . 

, 1 i . i 2 i 5 

, 1 1 i l l . 

1 1 i . | 7 5 

, 1 ,l..Z 

1 1 1 , 2 i . 

# 

0 1 2 3 4 5 6 7 8 9 

3 

4 

0 1 2 3 4 5 6 7 8 

, - , 1, 

, , 1 i . , 5 

3,. ,7,7,9? 

1 1 , 2 , 1 , . 

, , ,3,5,. 

0 1 2 3 4 S 6 7 1 9 

4 

DATE 

5 

9 0 1 2 3 4 5 6 7 8 9 

, , , ,3| 

1 1 , , 3 , 

, 1 1 , 1 , 

, , , l i . i 

1 1 1 |3 | 

0 I 3 3 4 S 6 7 8 9 0 

S 6 

PAGE 2 

6 

0 1 3 3 4 5 6 7 8 9 

5 

3 

1 2 3 4 5 6 7 8 9 

OF 2 

7 8 

0 1 2 3 4 5 6 7 8 9 0 

| - | 1 , . 

1 | 0 , . 

, - , l i . 

1,3,. 

2,5, . 

3,7,. 

C,A|R,D, ,1,4,B 

C,A,R,D, , 1 , 4 P 

C|A|R,D| , 1 5,A 

C,A,R,D, ,1,5,B 

C,A,R,D, , 1 , 5 c 

C|A|R|D, 1 1|6,A 

C,A,R,D, , I,6,B 

C,A|R,D, 1 1,6|C 

C,A,R,D, , 1|6|D 

0 1 2 3 4 5 6 7 8 9 0 

7 8 



LISTING OF INPUT DECK 

0 DAHD 1 
•...«*.•.•..*.**«.*....•.,.*TITLEI*«»*«*********»******************I;ARD 2 
•*••*•***••******••****•***•! I TLt2******•**••*•*•******«***********UAHD 3 
• «**•••*•••******•**•»*••***T I TLI:3*********************************CAHD 4 
.....•.•......•*...*..«....«TITLel***«**»*«*****«*****»»**«*****«*«C;ARD 5 

20 4 17 7 7 lOtARD 6 
1 - 1 0 1 10 7t;AHD 7 

.125 .25 .Z812b .3125 ,34375 .375CAHD SA 
.5 UARO 8B 

27.559 20. 3,7795 .01 10. 4,UAHD 9 
13tt. 72. l,<lt*6 8.97965*5 CARD 10 
130. 120. 120. 123.12 168,512 .215t;ARD 11 

.07646 .23345 .38268 ,52250 ,64945 ,7604lt;ARD 12A 

.85264 .92388 .97^37 ,99692 ,99692 .97237t;AHD 12B 

.92388 ,85264 .76041 ,64945 ,52250 ,38268i;ARD 12C 

.23345 .07846 t̂ ARD 12D 
0. 1. .25 .99 ,5 ,975CARD 13A 
.75 .925 X. .85 2, ,53UAHD 13B 
5. .5 t̂ ARD 13C 
0. 1. .25 .5 ,5 0,I;AHD 14A 
.75 -.5 'l. -1. 3. -l.CARD 14B 
5. -1. tARD 14C 
0. 1. i25 .5 ,5 O.UARD 15A 
.75 -,5 ll -1. 3. -l.UARD 15B 
5. -1. I;ARD 15C 
0. 3.7795 .75 3.7795 1. 13.tARD 16A 

1.1 17. 1.2 21. 1,3 25.UARD 16B 
1.4 30. 2. 35. 3. 37.UAR0 16C 
5. 38. t;ARD 16D 



I1PUT INFOHMATION 

•TlTLEl* 
•TITLE2* 
• T I T L E J " 
« T I T L E 4 . 

CARD 6«»* TflTjL » « U L 
SecTIONSi 

20 

AXIAL SbCTION 
CONTAINING 

ecTTOf L N J OF 
R A B S I T iAHPLt 

AXIAL SECTION 
CONTAINING T3P 

= ND OF 
HASilT SAMPLE 

17 

TOTAL NUHBEH OF NORMALIZED 
H E A T GENERATION RATE 
VERSUS TIME PAIRS 

OF VALUES 
7 

TOTAL NUMBEK OF 
NOHMALUED TUBE 

F L O H V E R S U S IfME 

PAIRS OF VALUES 
7 

TOTAL NUMttER 0» 
RABblT POSITION 
VERSUS TIME 

PAIRS OF VALUt:!) 
10 

CARD 7««' UFbUG OPTION OPTICN FOR I N I T U L S T E A O T - S T A T E S T E A U T - S T A T E COMPUIE/PNINT TOTAL NUMdEH UF 
'INITIAL) T E H F E R A T U H E MAP C O M P U T A T I O V OPTION TERMINATE OPTION FREUUENCT N O H M A L U E D PRIMARY 

FtOH VERSUS TICc PAINS 
OF VALUES 

I -t 0 I 10 7 

CARDS 8 " * 
FIRST 

0.0000 
SECOND 
0.1290 

INNER-T3-0UTER RADII (INCHES) 
THMD FOURTH FIFTH 

0.2SOI1 0.2813 0.3129 
SIXTH 

0.3431) 
SEVENTH 
8.375n 

EIGHTH 
u.tgou 

H F A T E D L E N G T H O F 

RAB3IT TijRc 
1 INCHES) 

27.55»0 

LENGTH 0* 
KABUIT SAMPLE 

I INCHES) 

" C I S T A V C E BETWEEN 
LOWER END OF RABBIT 

AND LOHE^ EVD OF HEATED 
SECTION (INCHES) 

3.7795 

COMPUTATION TIME STARTING T|Mt FOR 
INTERVAL DELAYED gEBUO 

(SECONDS) (SECONDS) 

0.0100 lO.OODO 

PHUBLEM 
TERMINATION 
(SECONUSI 

4.UOO0 

CARD 10«"' M A X I M U M , I N I T I A L 

H F A T I N G R A T E U 

H A T E R ( U A T T S / G H ) 

138,0000 

MAXIMUi. I N I T I A L 
H E A T I N J R A T E IV 
METAL (MATTS/Gi) 

72.0000 

INITIAL MASS FLOH 
IN THE UPEN RABBIT TUBE 

(LB/HR-SU. FT) 
1400000,0000 

INITIAL MASS ^ L U N 
IN THE PRIMARY 
(LS/HH-SU. FI) 

897960.0000 

C»RD 11««« TEMPERATURE VALLE TUBE HATER INLET PRIHART MATER INLET METAL MEIAL 
FOR CONSTANT TEMHEhAlUHE TEMPERATURE TEMPERATURE CONDUCTIVITY DENS|TY 

"AP (DEGREE F) (DEGREE F) (DECREE F) (BTU/HP-FT-OEOREE F) (PLf) 
130,0000 120.0000 120.0000 173,1200 168.^120 

METAL SPtLlf IL 
HEA1 

(eTU/LH-DEUHEE F) 
0.21SD 



CARDS 18««» NORMAuIZEO AXIAL HEAT GENERATION PROFILE 

A*IAL POSITION 

1 
2 
9 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

NORMALIZED HEAT GENERATION HATE 

0.078S 
0-2334 
0.3827 
0.522S 
0.6494 
Q.7604 
0.8526 
0.9239 
0.9724 
0.9969 
0.9969 
0.9724 
0.9239 
0.8526 
0.7604 
0.6494 
0.5225 
0.3827 
0.2334 
0.0785 

CARDS 13* * * NORMALIZED HEAT G E M E R A T I O N RATE VERSUS TIME 

TIME (SECONDS) 
0.0000 
0.2500 
0.5000 
0.7500 
1.0000 
2.0000 
5.0000 

NORMALIZED HEAT GENERATION RATE 
1.0000 
0.9900 
0.9750 
0.9250 
0.8500 
0.5300 
0-9000 

CARDS 14««« NORMALIZED RABBIT TUBE FLOW RATE VERSUS TIME 

riNt (SECONDS) 
0.0000 
0.2500 
0.5000 
0. '500 
1.0000 
3.0000 
5,0000 

NORMALIZED FLOW RATE 

1-0000 
0-5000 
0-0000 

-0.9000 
•1-0000 
-1.0000 
-1-0000 



CARDS 15«'« N0RHA.1ZED PRIMARY FLO" RATE VERSUS TIME 

TIME (SECONDS) NORMALIZED FLOW RATE 
0.0000 1.0000 
0.2500 0.9000 
0.5000 0-0000 
0.7500 -0.9000 
1.0000 -1.0000 
3,0000 -1.0000 
5.0000 -1.0000 

CARDS 16««« RABBIT POSITION VERSUS TIME 

TIME (SECONDS) RABBIT POSITION (INCHES) 
0.0000 3.7795 
0.7900 3.7795 
1.0000 13.0000 
1.1000 17.0000 
1.2000 21.0000 
1.3000 29-0000 
1-4000 3O-O0OO 
2-0000 35.0000 
3.0000 37.0000 
5.0000 38.0000 

IM 



COMPUTED OUTPUT 

THE INITIAL CONDITinN GEOMETRICAL ARHANGtHENT FOR THIS OROiLEM IS DESCRIBED IN THE FOLLOWING DIAGRAM. ..•«••••»•••••*« 

(ALL DIMENSIONS ARE IN INCHES." 
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THE UITIAL CONDITION, STEADY-STATE TEMPERATJRE MAP««««« 

l90.10S3 
158.0389 
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174.5327 
l6e.053o 

147.9388 
l95.l46o 
162.1062 
l6H,n553 
l73.o56o 
176.9982 
17V.8018 
181.4159 
181.8168 
I8l.nl76 
l79.n453 
175.0596 
l7l.«399 
166.7865 

l4i,4394 
147,2675 
152,6474 
157,4493 
161,5633 
164,9029 
l67,4ull 
169,0151 
l69,7.i35 
169,5254 
168,4392 
166,5u08 
163,7614 
160,2671 

120-1111 
120-4420 
121.0136 
121.9948 
123.2134 
124.6395 
126.2378 
127,9691 
129.7908 
131.6580 
133.5249 
135.3456 
137.0756 
138.6723 
l4o.o969 
141.3144 
142.2951 
142.8377 
143.1720 
143.2992 

122.6490 
128.0087 
133.4343 
130.0436 
133.1473 
136.1915 
139.1021 
141.9113 
144.2576 
146.3879 
146.1571 
149.5295 
l5o.476i 
130.9854 
151.0427 
I'O.6502 
149.S172 
134.5697 
130.6023 
146.2100 

122.6949 
129.1460 
133.6609 
130.6333 
133.8778 
137.0453 
140.0985 
142,8471 
145.3477 
147,5058 
149,2758 
150.6217 
151.5175 
151.9468 
191.9028 
151.3893 
190.4159 
194.8076 
150.7578 
146.2790 

122.6590 
128.0399 
133.4884 
130.6537 
133.9009 
137,o7o8 
140.0863 
142,8768 
145.3789 
147,5381 
149,3087 
190.6949 
191.5505 
151.9791 
151,9341 
191,4182 
150.4436 
154,6454 
150.6684 
146.2622 

120.1689 
120.6694 
121.4897 
122.4881 
123.7296 
125.1833 
126.8128 
128.5777 
130.4341 
132.3360 
134.2363 
136.0881 
137.8458 
139.4661 
140.9092 
142.1397 
143.1273 
143.9369 
144.4262 
144.5938 

l5n.1058 
l5e.n3''5 
165.2599 
l7l.59)5 
l7f.0876 
181.0310 
183.9364 
189.5504 
185.8516 
184.A493 
192.5815 
179.1133 
174.5334 
168.0635 

147,0423 
l95.3503 
162.1113 
169.0610 
l73.o622 
l77.no4S 
l79.B086 
181.4227 
181.8269 
l8l.n24o 
l79.(|9l2 
175.9640 
l7l.»445 
166.7902 

141,4963 
l47,3J87 
162,7312 
167,5438 
161,6668 
165,0120 
167,5139 
169,1^66 
169,8349 
169,6320 
169,5392 
166,5093 
163,8375 
l6n,3467 

120.1719 
120.6231 
121.3265 
123.4301 
124 .9962 
126.7260 
128.5769 
130.5032 
132.4576 
134.3921 
136.2592 
138.0129 
139.6104 
141.0125 
l42.lS5o 
143.0993 
143^7331 
143.1829 
143.3360 
143.3337 

122,6508 
126,0139 
133.4432 
130.1466 
133.2763 
136.3456 
139.2759 
142.0008 
144,4563 
146,5960 
146.3656 
149,7341 
l5o.6738 
131.1671 
131.2066 
150.7901 
149,9302 
154.5802 
150.6060 
146.2120 

122.6959 
128.1499 
133.6658 
130.6709 
133.9247 
137.1004 
140.1206 
142.9148 
145,4194 
147.5796 
149.3503 
150.6949 
151,5875 
192.0117 
191.9610 
191.4383 
150.4638 
154.6132 
150.7610 
146.2790 

122.6606 
129,0447 
133.4962 
130.6812 
133.9352 
137.1112 
140.1318 
142,9264 
145.4319 
147,5924 
149,3634 
190.7089 
151,6018 
152.0267 
151.9769 
151.4648 
150.4732 
154,6541 
190.6735 
146,2639 

120.2277 
120.8453 
121.7778 
122.8389 
124.1660 
125.6944 
127,3860 
129.1987 
131.0877 
133.0069 
134.9060 
136.7411 
136.4659 
140.0380 
141.4167 
142.5743 
143.4762 
144.2229 
144.5991 
144.6396 



l5o 
158 
l69 
l7l 
l77 
1»1 
164 
l85 
l8« 
l65 
l9?, 
l75, 
l74, 
169. 

.2276 

.1862 

.4565 

.8257 

.1595 
,3336 
,2641 
.8957 
,2067 
. 3059 
,0313 
,4481 
,8455 
.2357 

149 
155 
162 
168 
l73 
l77 
l8o 
162 
162 
181 
l79 
l76, 
l72 
167. 

.1692 
,6265 
,4668 
.4615 
,5437 
,536j 
,3795 
,n209 
,4364 
,6383 
,6532 
,5411 
,3817 
,2763 

142 
146 
l53 
l58 
162 
166 
169 
l70 
I'l 
l7l 
I'O 
169 
l65 
161 

,1474 
,1456 
.7331 
,7040 
,9696 
,4278 
,0142 
,6820 
.4100 
,1974 
,063a 
,0*62 
,1»60 
,5796 

120. 
120. 
121. 
122. 
123, 
125, 
127, 
129, 
131, 
133, 
135, 
137, 
138, 
140, 
142, 
143 
144 
144 
145 
145 

.1264 
,5067 
,0307 
,4119 
.7745 
.4103 
.2031 
.1259 
,1257 
.1340 
.1602 
.0953 
.9155 
.5902 
.0'61 
.3955 
,4266 
,8669 
,1362 
• 0301 

122, 
126, 
133, 
130, 
133, 
136, 
139, 
142, 
145, 
147, 
149 
130 
131 
152 
132 
131 
130 
155 
151 
146 

.7209 

.2291 

.7921 

.4602 

.6624 
,8676 
,9068 
,7468 
,3039 
,5267 
,3719 
,7965 
,7742 
.2871 
,3267 
,8923 
.9904 
.2698 
.1164 
.5134 

122. 
126, 
133, 
131, 
134, 
137, 
140, 
143, 
146 
146 
150 
151 
152 
153 
153 
152 
191 
195 
151 
146 

,7609 
,3492 
,9922 
,0036 
,3323 
,6475 
,7789 
,6658 
,2686 
,5348 
,3745 
,7706 
,6959 
.1324 
.0719 
.5192 
.4732 
.4446 
.2149 
.5373 

122, 
126, 
133, 
131, 
134, 
137, 
140, 
143, 
146, 
146, 
150, 
151, 
152, 
193, 
193 
152 
151 
155 
151 
146 

i7297 
,2571 
,8437 
0316 
,3654 
,6841 
,8182 
i727l 
,33o8 
,5770 
,4157 
.6101 
,7322 
,1644 
,0980 
,5337 
,4834 
.2980 
.1303 
.5168 

120. 
120. 
121. 
122, 
124, 
125, 
127, 
129, 
131, 
133, 
135, 
137 
139 
140 
141 
143 
144 
144 
145 
145 

,1929 
,7624 
,6897 
,8224 
,2165 
,9206 
,5902 
,4786 
,4391 
,4219 
,3770 
.2656 
-0112 
-6008 
-9651 
.1303 
.0083 
.6670 
.0278 
.0236 

150.9616 
199.1137 
166.5698 
l73.n976 
178.5634 
182.8376 
185.8346 
187.4975 
l87.Bo46 
186.7654 
164.4191 
180."332 
l76.n905 
l7o.3332 

149.1438 
156.8633 
163.9429 
170.1608 
175.3895 
l79.506o 
182.4262 
184.1014 
184.5036 
163.6422 
181.5521 
179.2946 
173.9535 
168,6344 

143,8941 
l5o,3689 
166,3644 
161,6922 
166,2420 
169,9097 
172,6210 
174,3297 
175,0124 
l74,6697 
l73,3242 
l7l,0l88 
l67,6140 
163,7872 

120-1399 
120.6256 
121^2990 
122.5608 
124.1161 
125.9250 
127.9443 
130-1001 
132.3331 
134.5935 
136.7914 
138.8996 
l4o.6497 
142.5936 
144.0954 
145.2968 
146.1641 
146.2935 
146.1060 
145.7916 

122,9369 
128,8767 
134.8602 
131.6162 
135.1765 
139.6633 
142,0045 
146,0740 
147,8135 
150.1642 
152.0743 
193,5046 
154,4267 
154.8231 
154,6878 
154,0250 
152.8496 
156,7272 
152,1469 
147,1065 

122.9712 
128,9612 
135,0302 
132.o99o 
135,7657 
139.3670 
142,7629 
145.8873 
148,6608 
151.0237 
152.9241 
154.3229 
155,1925 
l55.5l7o 
155,2921 
194,9242 
193,2312 
196,8691 
192.2265 
147.123S 

122.9447 
129,9031 
134,9047 
132.1278 
136,798! 
139,4029 
142.8004 
145,9259 
148,6986 
191.0600 
192,9576 
194,3528 
195,2179 
155,5371 
159,3064 
194,5323 
193.2327 
196,7434 
US.1594 
147,1099 

120.2366 
120.9169 
121.9914 
123.2761 
124.8317 
126.6105 
128.5598 
130.6168 
132.7315 
134,8395 
136.8681 
138.8292 
140.6023 
142.1752 
143.5049 
144,9987 
149.3107 
145.8343 
145.9847 
145.7617 



0.3000 

152,5934 
161.1775 
l69.nl62 
l79.8748 
iBl.6074 
l9«.o794 
199.1998 
190.9094 
l9l.l854 
l9o.n365 
197.5108 
183.6741 
178.6260 
l72.499o 

l5l.o695 
199.2929 
I66.8l9j 
173.4217 
179.9606 
193.3061 
196.3709 
I66.n96i 
188,4600 
187.4706 
I65.i66i 
181.6128 
176.9011 
I7l,l447 

146,7401 
l63,946l 
l6o,5»8o 
166,4683 
l'l,46l6 
l75,4632 
l79,3639 
180,1408 
180,7601 
180.2244 
l78,5607 
175,8189 
l72,0685 
167,3981 

120.2140 
120.8270 
121.6912 
123.2441 
125.1259 
127.2779 
129.6340 
132.1254 
134.6908 
137.2282 
139.6969 
142.0195 
144.1336 
149.9932 
147.5179 
148.6940 
149.4764 
149.2901 
148.6666 
147.8213 

123.3002 
129,9706 
136.6647 
133.6916 
137,8244 
141.8442 
145,6203 
149,0694 
152,1059 
154,6616 
156,6798 
158,1179 
158,9467 
159,1502 
158,7265 
137,6820 
156,0421 
159,1219 
153.7917 
147.9665 

123.3290 
130.0934 
136.8017 
134,o9o6 
139,3117 
142,4067 
146.2422 
149.7339 
152.7948 
155,3967 
197.3623 
158.7696 
159.5500 
159,6888 
159,1848 
199.0496 
196.3081 
159,2122 
193.8368 
147.9633 

123.3067 
129,9909 
136.7016 
134,1196 
136,3399 
142,4371 
146.2737 
149,7693 
192.8249 
199,3843 
197,3865 
196,7692 
199,5641 
199.6967 
199,1859 
158,0435 
156.2947 
159,1140 
153,7617 
147,9513 

120.3090 
121.1641 
122.5294 
124.1121 
129.9820 
126.0712 
130.3129 
132.6393 
134.964] 
137.2613 
139.4669 
141,4629 
143.2766 
144.6030 
146.0230 
146.9066 
147.4317 
147.6609 
147.9067 
146.9177 

195.3165 
164.6009 
l73.o59i 
180.4473 
l8«.6o4o 
l9l.3952 
194.6928 
196.4637 
l96,6742 
195,3371 
192.4986 
169.3395 
l82.6628 
l79.9o57 

154.1989 
I63.i729 
171.3975 
179.5957 
184.6100 
199.3006 
l92.57l4 
l94.3609 
194.6447 
l93.434o 
190.7723 
186,7339 
161.4197 
174.9566 

l5l.0l39 
l59,296o 
l66,8»66 
l73,5736 
l79,2049 
183,6529 
186,8^94 
188,6727 
189,1610 
l68,2V94 
186,1,127 
162,6923 
l79,o932 
172,4325 

120-3199 
121.2037 
122.4222 
124.4492 
126.8543 
129.5528 
132.4546 
135.4688 
138.5040 
141.4702 
l44 .29o8 
146 ,8545 
149.1175 
161.0051 
152.4636 
163.4314 
163.9400 
l53.o737 
161.6794 
190.1494 

123.6461 
131.6137 
139.3792 
136.9812 
141,9858 
146,7979 
151,2435 
155,2484 
156,7037 
161,5306 
163,6653 
166,0619 
165.6916 
165.5422 
164.6182 
162.9395 
160,5420 
162,4733 
156,0361 
149,0953 

123.8666 
131.6694 
139,4709 
137,2602 
142.3248 
147.1772 
151.6716 
155.7032 
159,1726 
162.0004 
164,1229 
165,4946 
166,0873 
169,8899 
164,9083 
163,1639 
160.6945 
162.5211 
156.0555 
149,0435 

123.8526 
131.6276 
139.4045 
137.2765 
142.3452 
147.1987 
151.6932 
159,7239 
199.1914 
162,0163 
164,1352 
165,9025 
166.0902 
165.8874 
164,9000 
163,1499 
160.6748 
162.4545 
196,0182 
149,0390 

120.4429 
121.6506 
123.4260 
129.4647 
127.8038 
130.3472 
133.0065 
139.6991 
136.3497 
140.6713 
143.2093 
145.2841 
147.0921 
148.4626 
149.4601 
190.0'7» 
150.2406 
190.0646 
149.3999 
146.2696 



0.5000 

159.5264 
169.8693 
l79.259l 
187.4339 
194.2117 
l99,4347 
202-9942 
204.8221 
204.8938 
203.2257 
199.8722 
l94.0242 
l69.5036 
l8o.7635 

156.9133 
169.1118 
178,3787 
196.4538 
193.1575 
198.3340 
201.8761 
203.7161 
203.8295 
202.2316 
l9S.o75i 
l94.i48i 
167.8694 
160.2676 

157.6179 
167,5164 
176,5247 
l84,3900 
l9o,9376 
l96,ol64 
199,5220 
201,3664 
201,5*05 
200,1418 
l97,o9lO 
192,5204 
186,5417 
l79,2947 

120.5908 
122.0425 
123.9576 
126.7994 
129.9778 
133.4193 
136.9996 
140.6053 
144.1251 
147.4531 
l5o.49o6 
153.1482 
155.3479 
157.0253 
158.1307 
168.6306 
158.5063 
156.6983 
164.1385 
161.7000 

124.6861 
134,1209 
143,9034 
142,4078 
148,7698 
154,7694 
160.2343 
165.0343 
169,0515 
I72,l93l 
l74,368o 
175,5886 
175,7707 
174,9325 
173,0943 
l7o.297o 
166,6023 
166,9370 
156,8635 
150,1833 

124,6906 
134,1284 
143.5156 
142.4502 
149.9213 
194.8296 
160.2993 
169,1035 
169,1226 
172,2646 
174,4575 
175.6543 
175.9307 
174.9851 
173.1379 
170.3305 
166.6249 
166,9429 
198,8656 
150.1613 

124,6866 
134.1230 
143.9071 
142.4559 
148,8279 
154,8356 
160.3069 
165,1111 
169,1302 
172.2715 
174,4637 
175.6595 
175,8347 
174,9877 
173.1391 
170.3301 
166,6229 
166.9331 
156,8603 
150.179$ 

120.7299 
122.9639 
125.0273 
127.7355 
130.7175 
133.6474 
137.0166 
140.1270 
143.0670 
145.6134 
148,2903 
150.2716 
151.8630 
153.0210 
163.6657 
153.7703 
153.3610 
152.5424 
151.1664 
149.2796 

165.3111 
l77.n675 
l87.697i 
l96.9o7i 
204.4903 
210.2696 
214.1243 
2l5,979o 
215.8o9l 
213.*373 
20'.5296 
203.5951 
199.0783 
l6«.86l2 

164.8203 
176.4539 
l86,0767 
196.(964 
203.6113 
209.3457 
2l3.i6oo 
215.0401 
214.O013 
212.7654 
206,767j 
202.9221 
195.4232 
l66.44o4 

l63,o296 
l74,i925 
164,2983 
l93,o7l5 
200,3l7o 
205,8695 
209,6156 
211,4949 
211,4329 
2n9,539o 
205,7997 
200,3322 
l'3,273l 
184,7993 

122.1960 
125.1074 
129.9616 
139.1333 
142.8254 
147.4114 
161.7517 
165.7170 
159.1897 
l62.o673 
164.2647 
165.7169 
166.3810 
166.2423 
165.3370 
163.8088 
161.9579 
167.8004 
164.2646 
161.9993 

125,5355 
136,5987 
147,5663 
147,7467 
155.3563 
162.4421 
166,8100 
l74,307i 
176,8000 
l92,l864 
184,3871 
186,3576 
l95,o779 
183.5563 
180.8299 
176,9662 
l72.o7l5 
171.2196 
161,9565 
151,2729 

125,5505 
136,6426 
147,6472 
147,9234 
195,5949 
162,7375 
169,1530 
174,6884 
179,209l 
182,6111 
164,9177 
165.7914 
185,4834 
183,9326 
181,1661 
177,2501 
172.2669 
171.2646 
161.9894 
191.2635 

129,9371 
136.9976 
147,9696 
147,8942 
195.9621 
162.7014 
169,1140 
174,6472 
179.1668 
192,9679 
164,7736 
169,7363 
169,4420 
183,8939 
161.1307 
177,2177 
172.2550 
171,2031 
161,9422 
151.2912 

122.0594 
129.0242 
126.4651 
132.0125 
135.7691 
139,5363 
143.1996 
146,6449 
149.7766 
152.5061 
164.7646 
156.4896 
157.6240 
168.1493 
l58.o47o 
157.3215 
156.0191 
154.2172 
151,8620 
149,6369 



l7o.343o 
183.1343 
194.6456 
204.5696 
212,6613 
218.7982 
222.7928 
224.5688 
224.1642 
221.5486 
216."210 
210.1067 
201.5941 
191.4656 

169.7911 
162.2947 
193.5363 
203.2173 
211.1233 
217,0^60 
220.9543 
222.6665 
222.2534 
2l9.«869 
2l5.n67o 
208.5222 
200.2252 
190.3936 

l68,539o 
l8o.o24o 
l9o.2»l9 
l99,o793 
206,2009 
211,5056 
214,8965 
216,3195 
215,7721 
213,3015 
208,0964 
202,9097 
195,4337 
l96,6D00 

131.7281 
141.0995 
163-6927 
165.7474 
l7o.7o24 
l74.7906 
177.8622 
179.6612 
l9o.7330 
180.4993 
179.2122 
177.0394 
174.2316 
l7l.o423 
167.6960 
164.4175 
161.4419 
165.6304 
153,0623 
l6l.893o 

126.5793 
136,6379 
130.6528 
135.0011 
l63.o65l 
l7o.393l 
176.7912 
192.1117 
196.2342 
199.0760 
19O.5900 
190.7675 
139.6369 
197,2615 
193,7374 
l79.i9o5 
173.7782 
173.1178 
162.9499 
152.1614 

126.5089 
138.5689 
150-7426 
154.4208 
162.6101 
l7o.o'6e 
176.6286 
182.1069 
196-3875 
189.3806 
191.0312 
191,3207 
190,2697 
197.9309 
184,3979 
179,7934 
174,2746 
173,2813 
162.9370 
152.1550 

126,4890 
139.4746 
150.5583 
154.1006 
162.2872 
169.7616 
176,3260 
181.8267 
186,1367 
169,1650 
190,8939 
191.1629 
190.1670 
187,8596 
184,3492 
179,7566 
174,2391 
173,1299 
162,8410 
192.1267 

126.3797 
130.6640 
135.1467 
139.6699 
144.0145 
148.2449 
162.1373 
166.9829 
158.4874 
160.7722 
162.3756 
163.2643 
163.3647 
162.7647 
161.4190 
159.4102 
166,6636 
l54,o38o 
161.3479 
149.6632 

l78. 
18', 
201, 
210, 
219 
224 
227 
22" 
227 
224 
219 
212 
203 
l93 

,4067 
.6943 

.1063 

.7940 
,5429 
.l97o 
,6539 
,8648 
,"333 
,6136 
• 3062 
• 0668 
.3043 
.7692 

l7». 
l89 
200 
209 
216 
221 
225 
226 
224 
221 
216 
20' 
201 
1»1 

• 4901 
.3433 
• ?195 
.4008 
,6928 
,0567 
• 1120 
.1174 
• 9872 
• 7600 
.9960 
.5998 
.l45l 
.0999 

176, 
l89. 
l97. 
205, 
210, 
214, 
217, 
217, 
216, 
212 
206 
201 
l94 
186 

,6337 
,3926 
,5453 
.0*61 
,9.;25 • 
,0419 
,1227 
,4704 
,0249 
,8377 
,0702 
,7683 
,3114 
,2U83 

162, 
I'l, 
l79. 
164, 
l97. 
1»9, 
1»9, 
l69. 
199, 
185, 
103 
l79 
l75 
l7l 
167 
162 
156 
163 
162 
161 

.7302 

.5330 

.1233 

.0964 

.1908 

.0912 

.9196 

.4639 

.1277 

.9309 

.0»19 

.7182 

.9970 
,9906 
,5466 
,7366 
,2255 
,6773 
.4181 
.7398 

131, 
144, 
160, 
169, 
175, 
l9l. 
136 
190 
192 
193 
193 
192 
199 
196 
l92 
1'7 
l72 
1'2 
162 
152 

,3164 
,3317 
,5909 
,7694 
,8363 
,8345 
,6528 
,2324 
,5511 
,6220 
,4651 
.2022 
,8515 
.5197 
,2933 
.2405 
.6967 
.5849 
,7334 
-7006 

130, 
143, 
159, 
167, 
174, 
161, 
186 
190, 
192 
194, 
104 
192, 
190 
187 
183 
178 
173 
172 
162 
152 

.7009 
,7489 
i226o 
,5931 
,9220 
i2007 
,3046 
,1622 
,7379 
,0336 
.0907 
,9335 
,667o 
,3716 
,1425 
,0757 
,1778 
,8330 
,8613 
,7002 

130. 
143, 
158, 
166, 
174, 
180. 
185, 
189, 
192, 
193, 
193, 
192, 
190, 
187, 
193, 
178, 
172, 
172, 
162, 
192 

,9830 
,6311 
,6060 
,9906 
,3554 
,6626 
,8446 
,7661 
.4077 
• 7675 
,8726 
i775o 
,5476 
,2810 
,0769 
.0359 
,9461 
,6094 
,7204 
,6534 

139, 
140. 
146, 
160. 
165, 
159, 
163, 
166, 
167, 
168, 
169, 
168, 
166, 
164, 
161, 
166, 
166, 
162 
160 
149, 

,3138 
,7253 
,0080 
,9930 
,6066 
,6984 
.1510 
,8743 
,7963 
,8672 
,0610 
,3784 
,8639 
,5700 
,6841 
,4632 
.2963 
,6129 
,6124 
-5296 



0.9000 

i e o . n 5 l 7 
195.1597 
208.7306 
216.8109 
222.9605 
227.0313 
228.0751 
228.7895 
226.5203 
222-2600 
2l».3212 
205.1910 
202-1107 
l97.7984 

188.7005 
198.4005 
207 .4710 
21.5.0594 
220.7786 
224.5014 
226.i909 
226.8527 
223.5350 
219.3463 
213.5251 
206.5879 
199,7009 
195.5016 

187.8036 
196.2363 
203,7649 
2119,8353 
214,2226 
216,8566 
217,7337 
216,8606 
214.3636 
210,2654 
204,7945 
198,4033 
192,0315 
188,1367 

165.3416 
190.3123 
l93^7645 
195.7450 
196.5050 
l96.o720 
194.4949 
191.7996 
188.1051 
163.5668 
176,4379 
l73,0386 
167.5412 
163.6113 
156.0322 
155.5374 
154.0411 
162.9913 
162.2094 
151.7324 

152.8347 
166.0693 
176.4965 
182.9567 
197.9619 
191.8346 
194.4466 
195.6109 
195.9558 
194,9479 
192.8761 
199.8561 
185.9835 
191.6610 
190,4744 
177,0441 
172.5166 
170.2976 
161,6124 
152,8868 

149,6657 
163,7652 
174.7918 
181.5525 
187,0598 
191,3364 
194,3433 
196.0792 
196.5655 
195.6564 
194,0254 
191.1779 
187.4022 
163.0148 
180.8851 
177.4146 
172.8261 
170.5807 
161.7573 
152.9918 

149,9466 
162,9056 
174,0003 
190.8320 
196.4206 
190.7863 
193.8864 
195.7155 
196,2949 
195,6718 
193,9162 
191.1292 
187,4034 
163,0286 
180.5661 
177,1163 
172,5645 
170.3117 
161.5870 
192,8289 

149.6139 
166,4017 
160.6648 
165.0525 
168.7619 
171.6893 
173.4909 
174.4166 
174.3529 
173.3241 
171.4037 
169.7288 
165.5158 
162.0630 
169.7174 
165,7449 
163.3061 
161.4746 
160.1691 
149.4404 

1.0000 

210-6521 
217.3566 
222.2576 
225.2391 
226.2781 
229.41"! 
222.7896 
2ie.667o 
213.5618 
208.2469 
204.0046 

209.i669 
215.3147 
219.7203 
222.2960 
223.0396 
222.0027 
219.3187 
215.2492 
210.2730 
205.1114 
201.0062 

204,6/21 
2D9,ob69 
211,eoo7 
213,0576 
212,8375 
211,2276 
208,3628 
204,4363 
199,8968 
195,1069 
l9l,5506 

193.9016 
194.0424 
l93.o403 
l9l.o658 
l88.3i68 
l85.l2o7 
181.4770 
l77.575l 
l73.794o 
169.4695 
166.9223 
161.2637 
169.7151 
167.0104 
155.6252 
164.4469 
163.4615 
152.6834 
162.0373 
161.7285 

175,5499 
192.4865 
197.5779 
190.4876 
l92.295i 
l93,o828 
192.9185 
191.6957 
l9o.ll06 
167,5761 
184,7263 
195,2961 
194.4040 
191.9437 
178,8760 
175.0005 
170,4024 
167,2444 
160,0144 
152,9191 

173.4803 
181,1764 
186,9500 
190.4052 
192.7008 
193.9077 
194.0665 
193.3178 
l9l.7o5l 
189,3130 
186.4206 
185.7903 
164,9564 
162,3674 
179,3566 
175,4158 
170.7372 
167.5299 
160.1576 
152.9216 

172.6903 
180.5352 
196,4659 
190.0472 
192.4656 
193,7772 
l94,o39o 
193.3319 
191,7550 
189,3956 
196,4786 
185,4734 
184,5793 
181,9796 
178,9691 
179.0969 
170.4240 
167,2416 
199,9790 
192.7467 

166.9942 
171.3750 
174.7803 
177.1584 
178.4911 
178.7700 
176.0306 
176.3624 
173.9168 
170.9053 
167.5996 
164,2839 
161.1565 
158.3178 
165.8560 
163.7995 
152.1420 
I5o.67o8 
149.9376 
149.3940 



1.1000 

216.1006 
219.0422 
21".4604 
217.4778 
219-3295 
212-4o8l 
209.3316 
206.7619 

213.1598 
214.7803 
214.9900 
213.9075 
211.7503 
209.8793 
205.8648 
203.3640 

2n4,5'10 
205,2437 
204,8231 
203.4159 
201,1922 
199,4239 
l95,5l7o 
193,1259 

186.3934 
184,9473 
182.9305 
180.4997 
177.7289 
174.8040 
171.4632 
169.3347 
164.1910 
161.6316 
160.0329 
158.6792 
157.3934 
156.1679 
155.0366 
l54.o726 
163.2306 
162.5342 
162-0375 
151.7201 

182,6469 
195,5127 
197,3045 
197,9646 
197,8985 
197,1825 
185,8391 
194,1340 
194,6613 
196,4951 
194,6974 
184,1467 
192,4420 
179,5942 
176.3909 
172,5217 
168,1544 
164.6174 
198.6101 
152.6662 

162.2766 
185,6069 
187,7949 
189.7693 
188.9629 
188,4421 
I67,279i 
l85,565i 
185,2992 
196,0441 
185,4481 
184,6986 
182.9745 
180.0634 
176,6188 
172,8939 
169,4490 
164,6494 
156.7267 
152.6658 

162,0765 
165,5025 
187,7682 
186,9017 
199,0369 
199,5415 
197,3984 
165,6669 
194,9485 
165.7259 
195.0931 
194,3082 
182,5701 
179,6894 
176,4456 
172.5571 
168,1612 
164,6013 
156,5636 
152.5921 

176,9127 
l9o.475o 
180,9626 
180.5024 
179.1518 
177.0«19 
174.5295 
171.6754 
168.7706 
169.9590 
163.2737 
160.7697 
168.4704 
166.9990 
164,5736 
152.9972 
151,6606 
160.6359 
149.8622 
149.3793 

1.2000 

206.3323 
208.1103 
207.2994 
206-2583 
209.3643 

209.3369 
209.0084 
204.1176 
203.0295 
202.o''3 

l96,8343 
l96,l39i 
l94,905o 
193,6360 
192.4662 

178.9367 
177.1361 
l75.o'95 
172.6266 
l70-9600 
166.4959 
164.3718 
163.0256 
161.8253 
160-6189 
I6O.3944 
158,1300 
156.9966 
135.8724 
164.9379 
153.9146 
163.1249 
162.4994 
162-0106 
l5l-7l53 

191,6925 
192,6540 
192,9716 
162,6326 
191.9514 
182,9612 
183,8734 
194,8997 
184,9361 
194,9066 
183.6893 
192.5992 
190.9626 
177.6769 
174.4340 
l7o.6944 
166.5440 
162.9970 
157.6637 
192.5432 

182.0249 
183.2695 
183.8138 
193.6747 
183.0496 
183.4669 
164,3345 
185,4069 
195,4695 
185,4442 
184.4215 
183.1209 
161.0585 
178.1310 
174,6341 
171,0209 
166,807o 
163.0539 
157,7613 
152.5403 

162.0937 
163.3705 
163.9369 
163.9159 
163.1792 
163.2706 
164,1381 
185,1397 
169,1471 
185,0902 
164,0494 
162,7296 
160.6675 
177,7569 
174.4897 
170.7096 
166,9429 
162,8333 
157,6132 
152.4685 

180.7911 
180.0114 
176.6011 
176.794S 
174,5927 
172.3435 
170.0930 
167,8595 
169.6496 
163.4936 
161.4024 
159.4022 
157.5069 
155,7421 
154,1362 
152,7186 
161,5116 
160,9412 
149,8197 
149.3730 



1.3000 

l95,o926 
l95.540o 

196.3689 
l96.687o 

l88,6J37 
l88,499l 

I'l, 
l7o. 
167, 
166, 
165, 
164, 
163 
162 
161 
160 
156 
167 
156 
155 
l64 
163 
163, 
162 
151 
l6l. 

.9267 

.6032 
,5188 
,1417 
.2319 
,3661 
,4230 
,3967 
,3023 
.1617 
,0975 
,6402 
.7137 
,6452 
,6622 
,7864 
.0384 
,4369 
,0381 
.7106 

177, 
177, 
179, 
190, 
162, 
183, 
193 
194, 
184 
133 
192, 
191 
179 
176 
172 
169 
166 
161 
156 
152 

,4074 
,6427 
,9730 
,3666 
i0133 
,0032 
,7079 
.3441 
,1996 
,8139 
,6369 
,1062 
,9408 
.1016 
.9019 
,2625 
.3441 
-6322 
.9978 
,4388 

178, 
179, 
179, 
190. 
192, 
183, 
164, 
164, 
184, 
184, 
183, 
181 
179 
176 
173 
169 
165 
161 
157 
152 

-0253 
,3656 
,3522 
,7280 
,4269 
,4492 
,1794 
,9424 
,7099 
.3319 
,1498 
,5998 
,4067 
.5242 
,2729 
,5919 
.5937 
,9048 
-0821 
.4336 

178, 
178, 
179, 
180. 
192, 
193, 
193, 
194, 
194, 
183, 
182, 
161, 
179, 
176, 
172, 
169 
165 
161 
196 
192 

1697 
52l9 
i2669 
,6469 
,2786 
,2466 
,9300 
,5464 
.3812 
,9751 
i7781 
,2223 
,0344 
.1702 
,9454 
,3006 
,3374 
,6031 
.9445 
.3637 

177. 
175. 
174, 
172, 
171. 
169, 
167, 
166, 
164, 
162, 
160, 
158, 
167, 
159, 
163 
152, 
151 
150 
149 
149 

0565 
7391 
,2849 
,7676 
,1877 
,5345 
,8200 
,0523 
,2386 
,4042 
,9676 
,7639 
,0209 
,3769 
.8692 
.9292 
.3671 
.4684 
.7696 
.3671 

166.6272 
166.2729 
166.6469 
165.2945 
164.6148 
163.8124 
162.9050 
161.9107 
160.6461 
159.7431 
168,6185 
167.5020 
166.4180 
165.3924 
l64.4305 
163.6137 
162.9039 
162.3406 
161.9339 
151.6956 

174.7403 
176.4022 
176.0564 
179.5973 
181.1625 
192.2185 
182.9067 
193.3562 
163.1463 
192,5963 
161.3544 
179.7144 
177.5164 
174.7516 
171.6318 
169.1492 
164.3926 
160,7295 
156,4990 
152,3444 

174,9913 
176,6792 
178,3718 
179,9530 
181,5808 
192.6500 
193.3646 
183.8410 
183.6401 
183.0845 
181,8432 
190,1954 
177,9676 
175,1509 
171,9905 
169,4377 
164,6196 
160.8897 
196.9744 
192.3379 

179,0150 
176,6647 
178,3051 
179,8346 
161,4089 
182,4317 
193,1050 
183,5429 
183,3142 
182,7363 
181,4843 
179.8234 
177.6030 
174,8146 
171,6706 
168,1631 
164,3636 
160.6983 
156,4448 
152.2699 

173.5116 
172.6732 
171.7234 
170.6499 
169.4444 
168.1052 
166.6490 
165,0797 
163.4290 
161.7256 
160.0007 
168.2931 
166,6986 
165.0754 
163,6406 
162,3696 
161.2799 
150.4097 
149.7999 
149,3614 



165.9180 
165.6429 
165.2388 
164.6977 
164.0276 
163.2397 
162.3310 
161.3905 
160.3493 
169.2793 
168.1960 
157.1310 
166.1028 
165.1371 
164.2358 
163.4775 
162.8193 
162.2956 
161.9169 
151.6918 

173,0133 
174,9869 
176,8591 
178,5424 
180.1024 
I9l,l7l5 
191.9524 
192.2016 
181,9566 
181,3097 
190,0664 
178,3914 
176,2109 
173.5364 
170.5171 
167,1739 
163.5920 
160.0233 
156.1031 
132.2569 

173,2179 
175,2360 
177,1547 
179,9819 
180,4952 
181,5886 
182.2974 
182.6684 
182.4357 
181.7990 
190.5346 
179,8414 
176.6308 
173.9150 
170.6464 
167.4456 
163.9000 
160.1698 
156.1706 
152,2495 

173,2393 
175.2094 
177.0790 
178,7564 
180.3102 
191.3705 
192.0405 
192.3769 
192,1187 
181.4629 
160.1896 
178.4991 
176.2927 
173,5949 
170.6620 
167,1690 
163,9796 
199,0691 
196,0472 
192,1613 

171,9237 
170.9936 
170.2992 
169.4217 
168,3796 
167.1649 
165.8103 
164,3362 
162,7698 
161.1465 
169.5003 
167.6696 
166.2907 
164.7995 
163.4312 
162.2156 
151.1806 
160.3466 
149.7348 
149.3559 

165.2359 
164.9637 
164.5664 
164.0384 
163.3396 
162.6321 
161.7333 
160.8611 
169.8947 
169.8759 
167.8562 
166.6490 
166.8764 
154.9609 
154.1237 
153.3938 
152.7580 
162.2503 
161.9005 
161.6681 

171.5326 
173,6779 
175,6632 
177,4098 
178,9360 
190,0066 
160,6752 
190,9601 
190.7039 
190,0162 
178.7976 
177,1249 
174,9941 
172,4199 
169,5130 
166,3109 
162,9933 
159.4435 
155.7732 
132.1741 

171.7145 
173.9099 
175,9436 
177,7359 
179,3045 
180,4113 
181,1046 
181.4094 
161.1622 
180.4749 
179,2355 
177,5526 
179,3922 
172,7781 
169,9236 
166,5665 
163.0979 
159,5746 
155,6342 
192,1642 

171,7347 
173,8829 
175,9679 
177,6121 
179,1339 
190.1985 
180.8546 
181.1279 
160.6560 
160.1615 
178.9040 
177,2209 
175,0688 
172,4721 
169,5425 
166,3175 
162,9775 
159.4069 
195,7197 
152,0992 

170,2637 
169,8769 
169,2743 
169,4766 
167,4997 
166,3526 
165.0610 
163.6519 
162.1631 
160.6003 
169,0266 
157.4697 
165,9612 
164.5385 
153.2334 
162.0746 
161.0684 
160.2957 
149.7115 
149.3504 



164.5386 
164.2956 
163.9139 
163.4184 
162.8076 
162.0926 
161.2986 
160.4131 
169.4843 
156.5235 
157.5320 
156.5922 
155.6659 
154.7943 
163.9977 
153.2941 
152.6993 
162.2267 
151.8857 
151.6946 

170,2771 
172.4997 
174,5073 
176.2606 
177,7415 
176.7973 
179,4438 
179.6869 
179.4271 
176.7290 
177.5306 
175,9034 
173.9393 
l7l.369o 
168.5797 
165.5176 
162.2560 
156,9409 
155.4835 
132,0945 

170.4439 
172.7076 
174.7742 
176.5724 
179.0940 
179.1829 
179,9550 
190,1162 
179,9647 
179,1660 
177,9569 
176,3099 
174,2166 
171,7081 
168,8730 
165,7582 
162.4404 
159,0622 
155,5388 
152,o83o 

170,4666 
172,6827 
174,7009 
176,4621 
177,9284 
178,9766 
179,6131 
179,8439 
179,5696 
178,8551 
177,6365 
175,9916 
173,9070 
171,4152 
168,6040 
165,5200 
162.2389 
158,9015 
155,4247 
152.0182 

169,2946 
168.9302 
166,3665 
167,6105 
166.6748 
165.5767 
164.3397 
162.9901 
161.5669 
160.0722 
169.5691 
167.0619 
166.6437 
164.2872 
l63.o433 
161.9394 
160.9996 
160.2448 
149.6691 
149.3460 

1.8000 
163.9050 
163.6696 
163.3168 
162.8478 
162.2655 
161.5933 
160.9161 
159^9907 
16O.0960 
159.1794 
167.2543 
156.3409 
155.4599 
154.6316 
163.8747 
163-2065 
162.6421 
162.1939 
151^8711 
161.6910 

169,1896 
l7l,3999 
173.3977 
175.1205 
176.5463 
177.5702 
179.1905 
179.4026 
179.1432 
177.4500 
176,2996 
174,7119 
172.7238 
170.3594 
167,8904 
164,7674 
161,6616 
156,4855 
155,2164 
152,0167 

169,3437 
171,6046 
173.6605 
175,4172 
176,8919 
177,9376 
179,5826 
178,6116 
178,5596 
177,8659 
176,6944 
175,0974 
173,08ll 
170.6800 
167,9672 
164,9939 
161,6326 
199,5979 
155,2684 
152,0037 

169,3670 
l7l,56lo 
173,5795 
175,3009 
176,7217 
177,7389 
176,3492 
178,5499 
178,2761 
177,9671 
176,3891 
174.7926 
172,7847 
170.3997 
167.7097 
164,7656 
161,6394 
198,4436 
195.1583 
151.9401 

168,3793 
169.0331 
167.4932 
166.7676 
165.8703 
164.8191 
163.6339 
162.3431 
160.9736 
169,5962 
169,1222 
166.7043 
165.3339 
154.0421 
162.6579 
151.8074 
150.9136 
160.1999 
149.6671 
149.3396 



163.2997 
163.0742 
162.7392 
162.2976 
161.7311 
161.0301 
160.3469 
l69^5330 
168.7102 
167.8395 
156.9603 
166.0929 
165.2567 
154.4709 
153.7534 
153.1203 
162.5959 
152.1619 
161.9566 
161.6775 

168.2173 
170.3902 
172.3241 
173,9923 
175,3551 
176,3373 
176,9270 
177.1141 
176,8569 
176,1775 
175,0592 
173,5393 
171,6329 
169,3763 
166,8283 
164,0438 
161,0992 
158,0589 
154,9691 
151,9401 

168,3606 
170.9731 
172.5639 
174,2739 
175,6740 
176,6867 
177,2997 
177,9029 
177,2924 
176,9716 
175,4430 
173,9043 
171,9707 
169,6781 
167,0892 
164,2567 
161.2493 
199.1630 
199,0133 
191.9255 

168.9631 
170.5496 
172.4944 
174,1606 
175.5193 
176.4946 
177.0791 
177,2509 
176.9602 
176.2657 
179,1906 
173,6127 
171,6672 
169,4099 
166,8426 
164,0369 
161,0641 
159,0151 
154,9069 
151.9631 

167,4921 
167.1572 
166.6967 
165.9994 
165.0784 
164.0710 
162.9966 
161.7097 
160.9991 
159.0479 
157.6621 
156.3924 
155.0289 
199,6006 
152.6795 
151.6776 
150.6286 
150.1469 
149,6454 
149,3942 

2.0000 
162 
162 
162 
l6l 
l6l 
l6o 
159 
169 
168 
157 
156 
155 
155 
l54 
153 
153 
152 
162 
l5l 
l5l 

7023 
4946 
1624 
7314 
2004 
5903 
9945 
1292 
3290 
5020 
6696 
9469 
0552 
3117 
6333 
0350 
5302 
1300 
8426 
6739 

167 
169 
I'l 
l72 
174 
l75 
1'6 
175 
175 
174 
173 
l72 
170 
168 
165 
163 
160 
157 
194 
191 

9187 
4069 
2749 
8733 
1682 
1022 
6583 
8237 
5698 
9094 
6369 
3796 
5572 
4071 
9830 
3365 
5319 
6496 
7270 
6641 

167 
169 
171 
173 
174 
179 
176 
176 
179 
179 
174 
172 
170 
169 
166 
163 
160 
197 
194 
151 

4526 
.5977 
5012 
1400 
4703 
4333 
0116 
1917 
9442 
2629 
1988 
7233 
6799 
6924 
2283 
9362 
6910 
7461 
767« 
8461 

167 
169 
171 
173 
174 
179 
179 
179 
179 
179 
173 
172 
170 
168 
165 
163 
160 
197 
194 
191 

4734 
5641 
4339 
0309 
3213 
2487 
7960 
9509 
6837 
0066 
9 H 2 
4446 
6050 
4360 
9927 
3272 
5035 
6041 
6646 
7668 

166 
166 
165 
165 
164 
163 
162 
161 
159 
158 
167 
159 
154 
153 
162 
151 
160 
150 
149 
149 

6210 
2949 
7919 
1206 
2991 
3314 
2501 
074S 
8301 
9445 
2462 
9642 
7269 
9619 
4946 
9491 
7449 
0969 
6240 
9266 



2.1000 
162.1344 
161.9355 
161.6371 
161.2353 
l6o.739o 
160.1554 
159.5001 
158.7363 
168.0298 
167.2474 
156.4568 
165.6757 
154.9216 
154.2122 
153.5629 
162.9866 
152.5025 
152.1156 
151.8368 
151.6726 

166,4632 
168,5053 
170,3133 
171,9578 
173,1042 
I74,oo6o 
174,5432 
174,7013 
174,4597 
173,8256 
172.7963 
l7l,4018 
169,6564 
167,6030 
165,2863 
162,7563 
160,0766 
157,3198 
154,5327 
131,8023 

166,6088 
169,6767 
170.9275 
172.1107 
173.3908 
174,3203 
174,6785 
179,0506 
174,8191 
174,1794 
173,1424 
171.7295 
169,9602 
167,9729 
165,5171 
162,9446 
160.2171 
157.4094 
154,5692 
191.7850 

166,6269 
168,6524 
170.4611 
172.0040 
173,2464 
174,1419 
174,6707 
174,8169 
174.5649 
173,9166 
172,9739 
171,4610 
169,7002 
167,6268 
165,2909 
162,7436 
160,0462 
197,2724 
194,4694 
151,7247 

165,7787 
165,4708 
164.9955 
164,3610 
163,9794 
162.6666 
161.6419 
160.5273 
159.3469 
158.1268 
156,8937 
155,6751 
164,4979 
153.3881 
162.3699 
151.4666 
160.6944 
150.0728 
149,6135 
149.3265 

161.6966 
161.5352 
161.2743 
160.9113 
160.4532 
159.9094 
169.2915 
158.6130 
157.8988 
167.1353 
166.3697 
165,6096 
154.8729 
164.1769 
153.5363 
152.9723 
152.4924 
152.1101 
181.6344 
151.6721 

165.7317 
167,7287 
169,5169 
l7l,o45l 
172,2603 
173,1812 
173.7255 
173,9976 
173,6809 
173,0795 
172,0955 
170,7501 
169,0666 
167.0796 
164,6358 
162,3969 
159,7883 
157,1121 
154,4110 
151,7637 

165,8476 
167.8892 
169,7180 
171,2846 
172.5530 
173,4809 
174.0499 
174,2317 
174,0214 
173,4187 
172,4256 
l7l,o639 
169,3566 
167,3390 
165,0596 
162.5667 
159,9231 
157,1976 
194,4451 
151.7457 

165,6634 
167.8639 
169.6621 
171,1801 
172.4119 
173,3071 
173,8437 
174,0062 
173,7782 
173.1638 
172,1694 
170,8045 
169,1045 
167,1008 
164,8389 
162,3719 
199,7565 
157,0636 
154.3472 
151.68*0 

166,0997 
164,7727 
164.3446 
163,7624 
163.0374 
162.1640 
161.2200 
160.1660 
159,0447 
167.8607 
166.6995 
155,5272 
164.3898 
163.3126 
162.3203 
151.4346 
150.6766 
160.0636 
149.6099 
149,9857 



2.3000 
161.4363 
161.3054 
161.0752 
l6o .7406 
160.3081 
169.7871 
169.1991 
168.5277 
157.8182 
157.0774 
156.3227 
155.5722 
164.8438 
154.1350 
153.5224 
152.9615 
152.4366 
152.1063 
151.8328 
161.6717 

165,0922 
167,0911 
168,8929 
l70.4199 
171,6649 
172,5909 
173,1439 
173,3377 
173,1461 
172,5769 
171,6283 
170.3216 
168,6810 
166,7410 
164,5468 
162,1486 
159,6045 
156,9802 
154,3340 
151,7393 

165,1971 
167,2401 
169,0732 
170,6477 
171,9256 
172,8687 
173,4529 
173,6608 
173.4781 
172.9062 
171.9493 
170.6269 
168.9634 
166.9937 
164.7636 
162.3246 
159.7356 
157,0630 
154,3665 
151,7207 

165,2115 
167,2146 
169,0092 
170.9450 
171.7876 
172.6919 
173.2555 
173.4406 
173.2406 
172.6573 
171.6950 
170.3739 
169,7167 
166,7599 
164,5485 
162,1330 
159,9719 
196.9319 
194,2696 
151.6614 

164,4644 
164,2496 
163,8756 
163,3492 
162.6792 
161.6794 
160.9661 
169.9589 
168.6796 
167.7620 
166.6014 
166.4641 
164.3366 
163.2749 
162.2941 
151.4176 
160.6663 
150.0581 
149,6075 
149,3251 

2.4000 
161.2909 
161.1777 
160.9632 
160.6424 
160.2223 
169.7124 
159.1244 
166.4723 
157.7713 
157.0361 
166.2905 
155.5462 
154.8234 
154^1396 
163^5113 
152^9538 
162.4907 
152.1036 
151.9317 
161.6714 

164,5625 
166,5968 
168,4047 
169,9587 
171.2209 
172.1569 
172,7393 
172,9538 
172,7971 
172.2399 
171.3174 
170.0362 
168,4273 
166,5190 
164,3579 
161,9941 
159,4860 
196,6946 
154,2841 
151.7239 

164,6773 
166,7399 
169,5655 
170.1774 
171.4729 
172.4399 
173,0403 
173,2694 
173,1101 
172,5625 
171.6324 
170.3360 
169,7047 
166,7674 
164,5712 
162,1672 
159,6137 
196,9799 
194,J136 
151,7046 

164,6917 
166.7113 
169.5223 
170,0772 
171,33«1 
172.2695 
172,9470 
173,053* 
172,8770 
172.3180 
171.3629 
170.0984 
168,4617 
166,5369 
164,3587 
161,9777 
199,4519 
156.6455 
154.2196 
191.649* 

164,0679 
163,9029 
163.9770 
163.0995 
162.4670 
161.7049 
160.9236 
169.6441 
168,7680 
167.6796 
156,5447 
155,4102 
194,3032 
193,2902 
162,2769 
191,4096 
160.6989 
150.0541 
149.6097 
149.3247 



if.. 

4̂  

161.1964 
161.0928 
160.8972 
160.5747 
160.1623 
159.6596 
159.0785 
158.4326 
157.7374 
167.0097 
156.2670 
165.5272 
164.8096 
154.1262 
163.5029 
162.9491 
152.4771 
162.1016 
161.8308 
151.6712 

164,1964 
166,2296 
166,0558 
169,6277 
170.9067 
171.8588 
172,4590 
172,6900 
172,5406 
172,0107 
171,1068 
169,9469 
169.2564 
166,3698 
164,2312 
161,6906 
159,4051 
156,9378 
154.2509 
151.7130 

164,2636 
166.3616 
168,2299 
169,8401 
171.1527 
172.1328 
172.7547 
173.0006 
172.8588 
172.3290 
171.4178 
170.1430 
168.5305 
166,6153 
164,4420 
162,0616 
150,5322 
196,9178 
194,2918 
151,6939 

164,2992 
166,3396 
168,1690 
169,7429 
171,0208 
171.0698 
172,5644 
172.7680 
172,6289 
172,0879 
171,1709 
169,8961 
168,2809 
166,3869 
164,2313 
161,8737 
199,3716 
196,7669 
194,1864 
191,6350 

163.9202 
163.6917 
163.3967 
162.9456 
162.3420 
161,6003 
160.7372 
169.7726 
156.7292 
167,6315 
156.5059 
166.3794 
154,2793 
153.2322 
162.2636 
161.3970 
150.6634 
160.0510 
149,6044 
149,3244 

2.6000 
161.1287 
161.0316 
160.8320 
160.5252 
160.1182 
169,6206 
169,0442 
156,4028 
l57,7ll8 
156,9380 
156.2490 
165.5126 
164.7968 
154.1193 
163.4964 
162.9435 
152.4742 
152.1000 
161.6301 
151.6710 

163.9139 
165.9641 
167,8060 
169,3925 
170,6648 
171,6498 
172,2625 
172,5065 
172,3683 
171,8507 
170,9600 
169,7135 
168,1373 
166,2669 
164,1429 
161,8185 
159,3496 
156,7963 
154,2279 
191,7056 

163,9968 
166,0911 
167,9754 
169,6005 
170.9267 
171.9199 
172.5545 
172.6126 
172.6833 
172.1661 
171.2681 
l70.007l 
169.4091 
166.5094 
164.3521 
161.9992 
159.479* 
156.8775 
194,2583 
191.6864 

164,0131 
166,0702 
167,9166 
169,5051 
170.7970 
171.7592 
172.3666 
172.6022 
172.4655 
171.9266 
171,0226 
169,7620 
168,1702 
166,2825 
164,1427 
161,8014 
159,3196 
196.7486 
194,1633 
191,6276 

163.6687 
163.5620 
163.2876 
162.6506 
162.2604 
161.5304 
160.6776 
159.7220 
168,6865 
157,5960 
166,4768 
165,3561 
154.2610 
153,2163 
162.2535 
151.3900 
160.6490 
150.0486 
149,6034 
149.3241 



2.7000 
161.0764 
160.9857 
160.7903 
l6o.4974 
160.0942 
169.5902 
159.0173 
158.3792 
157.6914 
166.9706 
156.2344 
155.5006 
154.7873 
154.1119 
l53.49o9 
152.9397 
l62.47i6 
162.0997 
161.9295 
l5i.67o9 

163,7106 
165,7737 
167,6272 
169,2240 
170.5268 
171,4998 
172,1210 
172,9729 
172,2497 
171,7948 
170,B539 
169,6165 
169,0506 
l66,i9oi 
l64,o765 
161,7659 
l59,3o9o 
156,7695 
154,2111 
l5l,7002 

1*3,7890 
169,8973 
167,7934 
169,4290 
170.7647 
171.7671 
172.4109 
172.6770 
172.5564 
172.0460 
171.1594 
169,9062 
168,3207 
166,4321 
164,2864 
161,9346 
159,4342 
l56,848i 
154,2411 
151.6609 

3.8077 
5.8779 
7,7361 
9.3351 
0.636* 
l.*07< 
2.2241 
2.4681 
2.3301 
1.9100 
0.«1»» 
9,6644 
8,o83o 
6,20*3 
4.0790 
1.7489 
9,2750 
6,710* 
4,14*4 
1.6228 

1*3.5695 
163.4750 
163.2111 
162,7639 
162.2014 
161,4786 
1*0.6927 
I59,*e99 
lSe.*534 
157.5*82 
15*.4537 
159,3973 
154.24*2 
l53.207o 
152.2451 
161.3642 
150.6499 
150.0465 
149,6025 
149,3239 

161.0394 
160.9496 
160^7572 
160.4572 
l6o.0367 
159.5654 
168.9950 
168.3595 
157.6742 
166.9558 
166.2219 
166.4903 
154.7790 
164.1054 
153.4962 
182.9364 
152.4697 
162.0975 
l5l^8289 
l6l.67o7 

163.5646 
165.6362 
167,4972 
169,1009 
l7o .4087 
171.3885 
172,0154 
172,2723 
172,1496 
171,6469 
170,7720 
169,5424 
167,9841 
166,1319 
164,0269 
1*1.7253 
159.2776 
196.7472 
154.1960 
191.6960 

3,6404 
9,7574 
7,6611 
9,3036 
0.6456 
1.6539 
2.3030 
2.5752 
2.4606 
1.9585 
1.0767 
9.8327 
e.253o 
6.3728 
4.2399 
1.6932 
9.4022 
6.8293 
4,2276 
1.676* 

1*3,6601 
165,7391 
167,6049 
169.2109 
170.5196 
171.4956 
172.1176 
172,3675 
172,2354 
171,7215 
170,8336 
169,5696 
166,0161 
166,1477 
164,0291 
161,7077 
159,2435 
156.6972 
154,1333 
151,6180 

163,4985 
163,4111 
163,1537 
162.7319 
162.1954 
161.4379 
160.596* 
159,6516 
168,6262 
157,9449 
156.4343 
165.3214 
164,2334 
163.1971 
152.2379 
181.3792 
160.6421 
160.0447 
149.6016 
149,3297 



161,0078 
160.9202 
160.7297 
160.4317 
l6o.o332 
159.5440 
158.9757 
159.3423 
167.6590 
166.9427 
166.2107 
165.4310 
154.7715 
154.0996 
153.4919 
152.9333 
152.4677 
162.0963 
161.6284 
151.6706 

163,4564 
165,5350 
167,4004 
169,0079 
170,3193 
171,3027 
171,9331 
172,1937 
l72,075l 
171,5768 
170,7068 
169,4826 
167,9302 
166,0645 
163,9665 
161,6921 
159,2519 
156,7289 
154,1673 
151,6926 

163.5322 
165,6645 
167,5626 
169,2091 
170.5547 
171.5666 
172.2193 
172.4952 
172.3947 
171.8871 
171.0103 
169,7718 
168,1981 
166,3245 
164,194* 
161,8593 
199,3799 
156,6067 
194,2166 
151.6731 

163,5927 
165,6368 
167,5072 
169,1172 
170.4289 
171.4093 
172.0349 
172.2683 
172.1604 
171.6509 
170.7682 
169.5297 
167,9620 
166,1001 
163.9874 
161,6743 
199,2176 
196,6789 
194,1225 
191.6145 

163.4439 
163.3611 
163.1060 
162.6902 
162.1176 
161.4038 
160.6661 
169,6248 
158,6026 
157,5247 
156.4171 
156.3072 
154.2220 
163.1862 
152.2312 
161.3745 
160.6391 
160.0430 
149,6009 
149,3235 

3.0000 
160.9610 
l6o.8948 
1*0.7058 
160.4092 
160-0124 
159.5246 
168.9382 
166.3266 
157.6451 
156.9306 
156.2004 
155.4724 
154.7645 
154.0941 
153.4777 
152.9304 
162.4658 
162.0953 
151.8280 
151.6705 

163,3792 
165,4582 
167,3267 
169,0361 
170,2462 
171,2334 
171,6669 
172,1299 
172,0130 
171.9179 
170,6517 
169,4319 
167,8643 
166,0439 
163,9537 
161,6634 
159,2296 
156,7131 
154,1760 
151,6895 

163,4617 
169,5765 
167.4868 
169,1351 
170,4824 
171,4961 
172,1509 
172.4293 
172.3219 
171.8272 
170.9942 
169,7201 
168,1913 
166,2631 
164,1592 
161,8301 
159,3533 
156,7906 
154,2074 
151.6700 

163,4727 
165,5504 
167,4318 
169,0437 
170,3566 
171.3395 
171.9678 
172.2230 
172.0979 
171,5917 
170.7127 
169,478* 
1*7,9197 
166,0693 
163,9524 
161,6495 
159,1953 
156,6630 
154,1132 
151.6115 

163.3996 
163.3196 
163.069* 
162.654* 
162.0846 
161.3739 
160.6391 
159.600* 
168.6814 
157.5068 
156.4014 
155.2941 
154.2114 
163.1800 
152.2250 
151.3701 
150.6962 
160.0414 
149,6002 
149,3233 



3.1000 
160.9572 
160.8720 
160.6940 
160.3387 
159.9932 
169.5070 
l69.94i9 
166.3116 
157.6320 
156.9191 
156.1905 
166.4642 
154.7578 
154.0969 
163.4737 
152.9276 
152.4640 
152.0942 
151.8275 
151.6704 

163.3183 
165,3979 
167,2658 
166,6755 
l70,l69l 
171,1749 
171,6085 
172,0726 
171,9566 
171,4661 
170,6030 
169,5866 
167,8432 
166,0075 
163,0224 
161,6376 
159,2095 
156.6968 
154.1695 
151.6969 

163.3899 
169,5193 
167,4259 
169,0746 
170.4223 
171,4367 
172,0925 
172,3722 
172,2664 
171,7745 
170,9046 
169,6741 
168.1095 
166.2461 
164,1273 
161,9038 
159,3326 
156,7760 
154,1997 
151,6672 

163,4112 
165,4985 
167,3714 
169,0936 
170,2972 
171,2606 
171,9093 
172,16*5 
172,0433 
171.939* 
170.663* 
1*9,4331 
1*7,8744 
1*6,0226 
163,9210 
161,6195 
159,1750 
156,648* 
154,1047 
151,6097 

163,3619 
163,2840 
163,0358 
162,6229 
162.0659 
161.3467 
160.9143 
169.9783 
166.6619 
167.4886 
166.386* 
165,2817 
154,2013 
163,1720 
162,2191 
151,3659 
150.6335 
150.0398 
149,5995 
149.3232 

3.2000 
160 
1»0 
160 
160 
169 
169 
l66 
158 
157 
186 
166 
185 
184 
l64 
153 
182 
182 
152 
l5l 
l8l 

9355 
8510 
6538 
3694 
9750 
4900 
9264 
2977 
6194 
9080 
1910 
4362 
7513 
0837 
4699 
9249 
4622 
0»32 
8271 
6702 

163 
165 
167 
166 
170 
171 
l7l 
172 
171 
l7l 
170 
169 
167 
165 
163 
161 
159 
136 
l54 
151 

2698 
3466 
2157 
8247 
1378 
1235 
7573 
0224 
9097 
4189 
9582 
3449 
8062 
9737 
6932 
6135 
1907 
6854 
1616 
6642 

163 
169 
167 
169 
170 
171 
172 
172 
172 
171 
170 
169 
168 
166 
164 
161 
159 
156 
154 
151 

3406 1 
4652 I 
3791 1 
0230 1 
3702 1 
3944 1 
0405 1 
3210 I 
2165 1 
7269 1 
8990 1 
6317 1 
0708 1 
2117 1 
0976 1 
7792 1 
3136 1 
7624 1 
1907 1 
6645 1 

63 
65 
67 
68 
70 
71 
71 
72 
71 
71 
70 
69 
67 
65 
63 
61 
99 
96 
94 
9l 

3622 
4487 
3206 
9323 
2494 
2287 
8977 
1197 
9939 
4920 
6186 
3912 
8362 
9887 
8917 
9953 
19*1 
6391 
0967 
6061 

163 
163 
163 
162 
162 
161 
160 
159 
168 
167 
166 
165 
154 
163 
152 
181 
160 
180 
149 
149 

3283 
2617 
0049 
9937 
0279 
3212 
4908 
9970 
9425 
4722 
3723 
2697 
1915 
1643 
2133 
3619 
63o9 
0383 
5996 
3230 



3.3000 
l6o.9149 
160.8309 
160.6444 
160.3509 
159.9575 
169.4736 
156.9112 
168.2930 
157^6071 
166.8972 
166.1717 
155.4463 
164.7449 
l64.o787 
163.4661 
162^9222 
162.4605 
l52.0'22 
151.8266 
151.6701 

163.2296 
165,3066 
167,1720 
168.7796 
170.0915 
171,0766 
171,7101 
171,0765 
171.8636 
171.3745 
170.51*0 
160.3065 
167.7691 
165.0415 
163.8654 
161.5905 
159.1727 
156.6726 
154.1640 
131.6917 

163,3000 
165,4227 
167,3309 
168,0772 
170.3233 
171.3368 
171.9926 
172.2734 
172.1698 
171.6813 
170.6161 
169.5915 
168.0341 
166,1789 
164,0693 
161,7558 
199,2993 
196,7493 
194,1929 
191,6620 

163,3219 
165.4062 
167,2767 
166,8868 
170,1988 
171.1614 
171,8102 
172,0689 
171,9476 
171,4473 
170,5761 
169,3615 
167,7999 
165,9563 
163.6637 
161,5722 
159,1381 
156,6223 
154,0891 
191,6036 

163.2973 
163.2216 
162.9769 
162.9659 
162.0017 
161,2967 
160.4662 
169,6365 
168,5241 
167,4660 
166,3683 
166,2679 
164.1819 
153.1567 
152.2076 
161.3578 
150.6282 
160.0368 
149.5981 
149,3228 

3,4000 
160.8952 
160.8116 
160.6257 
160.3329 
169.9404 
169.4576 
168.8964 
168.2704 
157.6960 
166.8965 
166.1625 
165.4406 
164.7366 
164.0737 
163.4623 
152.9195 
182-4587 
152-0912 
151.8262 
l5l.67oo 

163.1948 
165.2694 
167,1326 
166,7362 
l7o,0466 
171,0326 
171,6666 
171,9310 
171,8199 
171.3319 
170.4754 
169,2674 
167,7343 
165,9104 
163,9365 
161,5661 
159,1662 
156,6601 
154,1466 
151,6792 

163,2648 
165,3650 
167,2908 
168,0353 
170.2797 
171.2921 
171.9473 
172,2281 
172,1252 
171,6390 
170.7747 
169.5526 
167.9986 
166.1472 
164,0419 
161,7330 
159,2774 
156,736* 
154,1754 
151.*595 

163,2863 
165,3686 
167.2368 
168,8451 
170.1555 
171.1370 
171.7693 
172.0237 
171.9034 
171.4044 
170.9392 
169,3132 
167,7648 
169.9290 
163,836* 
1*1.9407 
199,1209 
196.6097 
194.0817 
151,6011 

163.2680 
163.1929 
162.9481 
162.5392 
161.9763 
161.2729 
160.4462 
159.9163 
168.5060 
157.4401 
166.3445 
155.2463 
154.1724 
163.1493 
152.2019 
161.3537 
160.6256 
180.0353 
149,5974 
149.3226 



3.5000 
l6o.87*0 
160.7927 
160.6073 
160.3152 
169.9235 
169.4418 
186.8918 
166.2570 
167.5930 
166.6769 
166.1334 
165.4329 
164.7323 
164.0687 
163.4566 
162.9169 
182.4970 
162.0903 
151.8257 
161.6699 

163.1637 
166.2364 
167.0969 
168.6993 
170.0078 
170.9904 
171.6227 
171.8979 
171.7773 
171.2905 
170.4367 
169.2302 
167,7001 
165,8799 
163,9120 
161,9462 
159,1390 
156.6476 
154,1393 
151,6768 

163.2334 
169,3506 
167,2537 
168.8956 
170.2383 
171.2494 
171.9036 
172.1644 
172.0819 
171,5959 
170.7344 
169,5149 
167,9639 
166.1161 
164.0149 
161.7106 
159.2599 
156.7241 
154,1679 
151,6570 

163,2546 
165,3342 
167,1996 
168,8056 
170,1144 
171,0945 
171,7220 
171,9809 
171,8605 
171,3627 
170.4959 
169,2756 
167,7309 
169,8943 
163,8100 
161,927* 
159,1032 
156,5974 
154,0749 
151,5987 

163,2396 
169.1651 
162.9210 
162.5191 
161,9514 
161.2495 
160.4245 
159.4965 
156.4862 
157.4243 
156,9309 
165,2346 
164,1630 
163.1416 
152.1963 
161.3496 
150.6230 
160.0336 
149.9966 
149,9225 

3.6000 
160 
160 
160 
160 
169 
169 
l59 
l59 
157 
156 
186 
166 
184 
154 
183 
182 
152 
162 
151 
l5l 

8571 
7741 
5891 
2977 
9069 
4261 
6672 
2438 
5710 
9654 
1443 
4253 
7260 
0639 
4549 
9143 
4553 
0393 
9253 
6696 

163 
165 
167 
166 
169 
170 
I'l 
l7l 
l7l 
l7l 
170 
169 
167 
166 
163 
161 
159 
156 
154 
191 

l36o 1 
2035 1 
0611 1 
6619 1 
9694 1 
9495 1 
5808 1 
8458 1 
7355 1 
2498 1 
3967 1 
1936 1 
6664 1 
8497 1 
7869 1 
5245 1 
1210 1 
6357 1 
1321 1 
6745 1 

63 
65 
67 
68 
70 
71 
71 
72 
72 
7l 
70 
69 
67 
66 
63 
61 
59 
56 
54 
51 

2049 
3183 
2184 
959o 
1984 
2078 
8613 
1416 
0395 
5545 
6947 
477* 
9296 
0994 
9683 
6895 
2426 
7117 
1606 
654* 

163 
165 
167 
168 
170 
171 
171 
171 
171 
171 
170 
169 
167 
169 
163 
161 
199 
196 
194 
191 

2256 
3020 
164* 
7680 
074* 
0933 
6799 
9376 
8189 
3217 
45*0 
2399 
696* 
8639 
7836 
9098 
0861 
9852 
0671 
59*9 

169 
163 
162 
162 
161 
161 
160 
159 
168 
157 
156 
165 
154 
183 
182 
151 
160 
160 
149 
149 

2123 
1979 
8944 
4674 
9268 
2269 
4030 
4768 
4705 
4086 
3174 
2234 
1537 
1344 
1907 
3458 
6204 
0324 
5961 
9229 



3.7000 
160.8386 
160.7557 
160.5711 
160.2303 
159.8903 
169.4105 
169.8527 
169.2305 
167.5591 
166.6349 
156.1352 
165.4176 
154.7199 
164.0389 
153,4512 
152.9116 
162.4536 
152.0983 
151.8246 
l8l,6697 

163,1078 
165,1729 
167,0274 
168,6256 
169,9299 
170.9094 
171,5397 
l7l,8043 
171,6943 
171,2095 
l7o.356i 
169,1572 
167,6330 
166,9199 
163,7600 
161,5029 
159,1041 
156,6237 
154.1250 
151,6721 

163,1769 
165,2874 
167,1643 
168,8211 
170.1593 
I7l,l67i 
171.6195 
172.0994 
171.9975 
171.6135 
170.6694 
169.4407 
167.695* 
166,o55o 
163.9619 
161,6666 
159,2294 
156,6994 
154,1533 
151,6522 

163.1969 
165,2710 
167,1906 
168,7314 
170.0397 
171,0128 
171.6384 
171,8960 
171.7769 
171.2612 
170.4171 
169,2029 
167.6630 
166.8339 
163,7677 
161,4841 
199,0691 
196,9731 
194,0699 
151.5940 

163.1653 
163.1111 
162.8681 
162.4619 
161.9029 
161.2034 
160.3816 
159,4572 
158,4526 
157,3931 
166.3039 
165.2120 
154.1443 
153.1270 
158.1661 
161.3418 
150.6178 
150.0309 
149.5965 
149,3221 

160.8200 
160 .7374 
160,5532 
l6o.2630 
159.8738 
169.3950 
158.8383 
156.2174 
167.5473 
156.8445 
166.1262 
155.4100 
184.7136 
154.0340 
163.4475 
152.9090 
152.4318 
152.0973 
161.8244 
161.6696 

163,0817 
165,1432 
166.9945 
168,5699 
169,8920 
170,9697 
171.4969 
171.7631 
171,6634 
171,1695 
170,3197 
169,1211 
167,5996 
165,7901 
163,7342 
161,4614 
159,0973 
156,6117 
154,1178 
151,6699 

163,1606 
165,2574 
167.1510 
166,7950 
170,1208 
171,1269 
171,7761 
172,0575 
171,9559 
171,4728 
170.6164 
169.4040 
167,8618 
166.0247 
163.0357 
161.6447 
159,2082 
156,6872 
154,1460 
151,6498 

163,1718 
165,2410 
167,0974 
168,6953 
169,0975 
170,9728 
171.5973 
171,8645 
171,7357 
171,2409 
170,3785 
169,1*60 
167,6296 
165,8039 
163,7317 
161,4625 
159.0522 
156.5610 
154,0527 
151,591* 

163.1686 
163.0645 
162.8419 
162.4366 
161.8763 
161.1805 
160.3603 
199.4377 
168.4352 
187.3775 
166.2904 
165.2007 
154.1360 
153,1197 
152.179* 
161.3379 
160.6152 
150.0294 
149.5946 
149,3220 



3.oooo 
160.8015 
160.7192 
160.5354 
160.2459 
180.8573 
159.3795 
168.8239 
186.2042 
157.5355 
156.8340 
166.1172 
155.4024 
154.7073 
154.0491 
163,4437 
182.9064 
182.4301 
182.0963 
181.8240 
161.6695 

163.0562 
165,1141 
166,9621 
166,5647 
169,8644 
170.6304 
171.4585 
171,7222 
171.6126 
171.1297 
170.2814 
169,0662 
167,5667 
165,7604 
163,7069 
161,4600 
159,0705 
166,5997 
154,1107 
151,6674 

163,1249 
165,2279 
167,1183 
166,7493 
170,0828 
l7l,o87o 
l7l,737o 
172,0160 
171.9146 
171.4323 
170.5775 
160,3673 
167,8261 
169,0945 
163,9095 
161,6229 
159,1911 
156,6750 
154,1388 
151.6474 

1*3.14*0 
1*5,211* 
167,064* 
1*6,6596 
1*9,9595 
170.9338 
l7l,55»5 
171,6132 
171.6947 
171.2006 
170.3400 
169.1206 
167,5963 
165,7741 
163,7099 
161.4410 
159,0353 
156,5490 
154,045* 
151,5892 

1*3.1916 
163.0880 
162.8159 
162.4114 
161.8641 
161.1677 
160.3990 
169.4162 
156.4177 
167.9620 
166.2770 
185.1699 
154.1257 
153.1123 
162.1740 
151.9339 
160.6126 
160.0279 
149.5941 
149.3218 

4.nooo 
160 
160 
160 
160 
169 
169 
168 
158 
157 
166 
156 
186 
154 
154 
183 
152 
182 
152 
l5l 
161 

7931 
7010 
6176 
2266 
9409 
3640 
8095 
1910 
5236 
8236 
1082 
3948 
7011 
0441 
4400 
9037 
4484 
0954 
9235 
6694 

163 
165 
166 
169 
169 
170 
171 
171 
l7l 
l7l 
170 
169 
167 
165 
163 
161 
159 
156 
154 
l5l 

0312 
0864 
9301 
5197 
9171 
7913 
4162 
6814 
9721 
0899 
2433 
0493 
5337 
7308 
6626 
4397 
0639 
5877 
1036 
6661 

163 
169 
167 
169 
170 
171 
171 
171 
171 
171 
170 
169 
167 
165 
163 
161 
199 
196 
194 
191 

099* 1 
1999 1 
0856 1 
7139 1 
0449 1 
0473 1 
6961 1 
9745 1 
8733 1 
3920 1 
5397 1 
3309 1 
7945 1 
9643 1 
6933 1 
6011 1 
1741 1 
662* 1 
1315 1 
645o 1 

63 
65 
67 
69 
69 
70 
71 
71 
71 
71 
70 
69 
67 
69 
63 
61 
99 
96 
94 
91 

1207 
1829 
0322 
6245 
9219 
8937 
5159 
7721 
6539 
1608 
3016 
0936 
9630 
7443 
6800 
4195 
0145 
5370 
0384 
5869 

163 
163 
162 
162 
161 
161 
160 
169 
168 
157 
166 
165 
164 
183 
152 
151 
150 
180 
149 
149 

1059 
0316 
7900 
3662 
8300 
1349 
3178 
3987 
4001 
3465 
2635 
1790 
1164 
1049 
1684 
3299 
6101 
0265 
5935 
3216 

A NER MAXIMUM COMPUTATION TIME MUST BE PLACED AFTER THE VARIABLE DUMP |F THIS PROBLEM IS TO BE CONTINUED. 
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CARD DUMP OUTPUT 

-4,36698 
0.00000 
O.OOOdO 

-2,53392 
0.00000 
0,00000 

-4,27908 
0,00000 
0,00000 

•2,55821 
0.00000 
1.23120 
1.63105 
2.0833^ 
2.77778 
1.4Q000 
2,08333 
1.98162 
6.17125 
1,72572 
1.20000 
9,89024 
1.09756 
2.94912 
1.05936 
1.00383 
0,00000 
0,00000 
0.00000' 
0.00000' 
7.53183' 
6,11634' 
2.74008' 
3,02105' 
1,05936' 
3.16559' 
0,00000 
0,00000 
1.00880 
1,88935' 
1.56008 
1.67703 
4.51213 
1.54159 
1.05936 
0,00000 

1 
9 
2 
0 

20 
21 

1 
•1 

6 
1 
0 
0 
0 
0 

1-005 5 
1-000 0 
• 000 

• 005 
1-000 

• 000 
• 005 
• 000 
• 000 
• 005 
• 000 
•002 
•002 
•002 
•006 
•006 
•002 

• 000 
• 001 
•001 

• 002 
-001 
•002 
•003 
•005 
•004 
•000 
•000 
•000 

000 0 
005 
001 
004 
005 
005 
004 
000 0 

000 0 
000 0 
003 
006 
002 
005 
'005 
'005 

000 

,95565 
,00000 
.00000 
.44319 
.00000 
.00000 
.03767 
.00000 
.00000 
.31657 
.00000 
,15000 
,76064 
,04167 
,60000 
,25000 
,34375 
,74284 
,17125 
,14829 
,00000' 
,09756 
,27580' 
,06533' 
,40753' 
,11747, 
,00000' 
,00000' 

00000' 
00000. 
88162. 

12086. 

00000' 
82019-
88637. 

51024. 
00000. 

00000. 
00000. 
57704. 

00000. 
44657. 

15070. 

98373. 

63314. 

,00000. 

3 

1 
0 
1 
1 
7 

10 
8 

0 
0 
0 
0 

• 003 
•000 
.000 

• 005 
• 000 
• 000 
• 004 
• 000 
•000 
•003 

• 000 
.001 
•002 
.002 
.001-
•000 
.002 
.000 
.001 
'001 
.000 
'002 
'003 

004 
005 
-003 
'000 
'000 
000 
000 
000 
001 
000 
004 
005 
005 
000 
000 
000 
003 
000 
004 
004 
004 
003 
000 

.00000 

.47456 

.oonoo 

. oonoo 

.70793 

-oonoo 
-ooooo 
.51052 

.00000 

-oonoo 
-56656 
•60783 
.76233 
.04167 
.40000 
.20000 
-60<17 
-42843 
-11642 
.77776 
.51627 
.05611 
-29658 
-91752' 
.54159' 
-05936' 
. OOOOO' 
-OOOOO' 

- Oonoo. 
.84600' 
-52310. 
-49322. 
-94912. 
-05936. 

- 00466. 

. OOOUO. 

.oonoo. 
-OOOOO. 
-OOOOO' 
-24102. 
-11605. 
-74013. 
-02105. 
-05936. 
-18104. 
-OOOOO. 

4 

6 

20 
21 
1 
7 
1 

10 

0 
0 
0 

• 000 
• 003 
• UOO 
• 000 
• 004 
• UOO 
• 000 
• 005 
• 000 
• 000 
>U03 
• 002 
• 002 
-002 
• 006 
• UOl 
• 002 
-001 
-001 
-003 
• 002 
• U07 
-000 
-005 
•005 
•005 
• 000 
• 000 
.000 
.002 
.000 
'002 
.003 
•005 
.004 
.000 
.UOO 
•000 
•000 
.006 
.001 
•004 
.005 
.005 
.U04 
•000 

0.00000 
•2,62944 
0,00000 
0.00000 

•2,55553 
0,00000 
0,00000 

•2,53392 
0,00000 
0,OOOOO-

•4,06483< 
1,63031-
1,75421-
2,60417-

-3,88689. 
1,38000< 
2,86458-
2,57157. 
6,12099-
4,00000-
1,49218-
2,44647. 

1.14939-
6,11747-
2,63314-
0,00000-
0,00000-
1,00906-
0,00000-
5,23976-
9,89024. 
3,16856-
1,40753-
1,82019-
0,00000-
0,00000-
0,00000-
0,00000-
8,57396-
6,12046-
1,00000-
2,98373-
2,88637-
4,50341-
0,00000-

18 
2 
2 

20 
0 
1 
0 

0 
0 
0 

• 000 
• 005 

• 000 

• 000 
• 005 

• 000 
• 000 0 
• 005 1 

• 000 0 

• 000 0 
•005 7 
•002 1 
• 002 5 
-003 2 
•006'8 

• 002 0 
-002 
-001 

• 001 
• 000 
• 002 
-004 

,0000 
,0376 
,0000 
,0000 
,3165 
,0000 
,0000 
,4431 
,0000 
,0000 
,0397 
,6310 
,2033 
.6041 
,9796 
,0000 
,1250 
,0397 
,6666 
,1111 
,3000 
,7400 

19 
1 

17 
20 

1 
7 
0 

0 
0 
0 

0 ^ 0 0 0 
7 ^ 0 0 4 
0^000 
0 ^ 0 0 0 
7 ^ 0 0 3 
0^000 
0^000 
9 ^ 0 0 5 
0^000 
O^OOO 
8 - 0 0 3 -
0 ^ 0 0 2 
3 - 0 0 2 
7 - 0 0 3 
0 ^ 0 0 5 
0 ^ 0 0 0 
0 - 0 0 2 
8 - 0 0 3 
7 ^ 0 0 0 
1 - 0 0 3 
0 ^ 0 0 2 
4 - 0 0 4 

004 
0O3 
003 
000 
000 
000 
000 
005 
001 
004 
005 
004 
000 
000 
000 
000 
000 
001 
000 
004 
005 
OOS 
000 

3 , 0 2 1 
1 , 0 5 9 
1 , 0 6 4 
0 , 0 0 0 
0 , 0 0 0 
1 , 0 0 8 
1 , 8 8 8 
5 , 2 4 3 
1 , 6 7 7 
4 , 5 1 5 
1 , 5 4 1 
1 , 0 5 9 
0 , 0 0 0 
0 , 0 0 0 
0 , 0 0 0 
2 , 3 3 4 
1 , 6 4 3 
1 , 4 9 5 
2 , 9 4 9 
1 , 0 5 9 
1 , 0 0 6 
0 , 0 0 0 
0 , 0 0 0 

05^005 
36^005 
86^004 
00^000 
00^000 
77^000 
67^003 
59^005 
14-002 
83^005 
59^005 
36^005 
00^000 
OO^OUO 
00^000 
50-001 
34^001 
93^002 
12^003 
36^005 
11^004 
00^000 
00^000 

000 
000 
510 
000 
000 
29g 
000 
000 
707 
000 
889 
631 
041 
116 
979 
041 
166 
685 
000 
200 
000 
685 

117 
886 
514 
000 
000 
000 
575 
000 
446 
149 
320 
633 
000 
000 
009 
000 
558 
890 
189 
407 
983 
000 
000 

0 
3 
1 

20 
2 
0 
0 

0 
0 
0 

00^000 
00^000 
52^005 
00^000 
00^000 
30^003 
00^000 
00^000 
93^004 
00^000 
75-001 
21^002 
67-002 
37^001 
60^005 
67-002 
67-002 
12^002 
00^000 
00^002 
00^000 
16-006 

47^003 
3'^005 
10^005 
00^000 
00^000 
00^000 
75^003 
00^000 
50-004 
80^004 
19^004 
14^003 
00^000 
00^000 
10^000 
00^000 
99^006 
24-001 
63^004 
53^005 
73^004 
00+000 
00+000 
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0,00000' 
0.00000' 
3.82680' 
2.69383. 
1,50026-
2,94912. 
1,05936. 
1.00818. 
3.68640. 
1,05936-
4.55111. 
0,00000-
5.01578. 
6.11485. 
2.74022-
3.02105-
1.05936-
8.74879-
1.38240-
1,05936-
1,00901-
1,89606-
4,33796" 
1.67622-
4,49014-
1,54159-
1,05936-
1.05936-
6.17364-
1.03201-
7.60410-
5,35281-
1.52168-
2.94912-
1,05936-
1,01748-
3,68640-
1.05936-
4.55111-
0,00000-
6.18498-
6.11178-
2.74033" 
3,02105-
1,05936-
1.23063-
1,38240-
1.05936-
1,009384 
l,9o8»5-
6,16582-
1,67481-
4,456074 
1,541594 
1,05936-
1,059364 
1,028474 
6,197784 
9,72370-
6,e448e< 

•000 
•000 
•001 
•001 
•002 
•003 
•005 
•004 
•004 
•005 
•003 
•000 
•006 
001 
-004 
-005 
•005 
•004 
•004 
005 
000 
003 
006 
002 
005 
005 
005 
005 
003 
005 
001 
001 
002 
003 
005 
004 
004 
005 
003 
000 
006 
001 
004 
005 
005 
005 
004 
005 
000 
003 
006 
002 
005 
005 
005 
005 
004 
004 
001 
001 

OOOOO. 
00913. 
OOOOO. 
55540. 
24444. 
07665. 
40753. 
07389. 
33956. 
57989-
64270-
00000-
91900-
11875" 
60000-
06371" 
68637" 
48159" 
0C370" 
64089-
00000-
58667-
00000-
60676. 
15609-
92686-
63314-
60800-
04025-
00929-
58618-
07583-
49024. 
14772-
40753-
64797-
15079-
57989-
17386-
00000-
13151-
11423-
60000-
20343-
88637-
43303-
234234 
640894 
OOOOO-
60329-
000004 
80943-
164544 
58150-
63314. 
60600-
261174 
009564 
77067. 
486854 

• 0 0 0 

• 000 
•000 
•006 
'001 
• 004 
•005 
• 004 
•004 
-004 
-004 
-000 
-001 
-001 
001 
004 
005 
005 
004 
003 
000 
003 
000 
005 
004 
004 
003 
003 
005 
000 
003 
006 
001 
005 
005 
004 
005 
004 
004 
000 
001 
001 
001 
004 
005 
005 
005 
003 
000 
003 
000 
005 
004 
004 
003 
003 
005 
000 
003 
006 

.00000-
-00885-
-89083-
-55704. 
-67684-
-50651-
-54155-
-05936-
-05936-
-55116-
-28839-
-22500" 
-67808" 
.50610" 
.94912" 
.05936-
. 01080-
.68640-
.05936-
.95111-

.oonoo-
-23445-
-11396-
.74026-
.02105-
-05936-
- 02094-
-38240-
-05936-
-00912-
-89969-
-07785-
-67580-
47979-
541594 
-05936-
-05936-
95129. 
42179. 
-52640-
-002064 
-^3105-
-J49124 
05936. 
021384 
68640. 
05936. 
S51H4 
000004 
66686. 
11051. 
74036-
021O94 
059344 
28953. 
382404 
0593«4 
0O9534 
91358. 
48729. 

-000 
-000 
-003 
-006 
U02 
-005 
-005 
-005 
-005 
U03 
005 
UOl 
UOl 
002 
003 
005 
004 
004 
005 
003 
000 
006 
001 
004 
005 
005 
005 
U04 
005 
000 
003 
006 
U02 
005 
UOS 
005 
UOS 
003 
004 
001 
001 
002 
003 
005 
004 
004 
005 
003 
000 
006 
001 
004 
005 
005 
DOS 
004 
005 
000 
003 
006 

0,00000" 
0,00000" 
1,57932" 
0,00000" 
2,04400" 
1,15207" 
4,07389" 
2,63314" 
4,60800" 
7,33956" 
1.00917. 
3,67581-
3,48873-
3,49024. 
8,78113-
1,40753-
5,06371-
9,00370-
1,57989-
3,96734. 
0,00U004 
2,38525. 
6,11^8. 
3,60000-
5,92886. 
2,88637. 
4,46715. 
1,04025. 
3,64089. 

o.ooooo* 
1,59158. 
0,000004 
8,80904-
1,15864^ 
6,64797^ 
2,63314. 
4,60800+ 
1.15079+ 
1,00937. 
5,02251. 
5,69046+ 
3.49024-
1,24033+ 
1,40753+ 
7,20343+ 
1,23423. 
1,57989. 
4,19319^ 
0.00000+ 
3,39315+ 
6,11234^ 
3,60000-
7,58150* 
2,88637+ 
4,41420+ 
1,28117. 
3,64069+ 
0,00000+ 
l,609e4^ 
0,00000+ 

-000 
-000 
003 
000 
004 
•004 
004 
003 
003 
004 
000 
003 
006 
001 
004 
005 
004 
004 
004 
004 
000 
001 
001 
001 
004 
005 
005 
005 
003 
000 
003 
000 
005 
004 
004 
003 
>03 
005 
000 
003 
006 
001 
005 
005 
004 
005 
004 
004 
000 
001 
001 
001 
004 
005 
005 
005 
003 
000 
003 
000 

0,00000+000 
0,00000+000 
3,67357+006 
6,11555+001 
2,74017-004 
3,02105+005 
1,05936+005 
7,05341^004 
1,38240+004 
1,05936+005 
1,00392+000 
1,89309+003 
3,49074+006 
1,67656-002 
4,49912+005 
1,54159+005 
1,05936+005 
1,05936+005 
7,37419+003 
1,14419+005 
6,49450-001 
4,57173+001 
1,51330+002 
2,94912+003 
1,05936+005 
1,01392+004 
3,68640+004 
1,05936+005 
4,55111*003 
0,00000*000 
7,29961+006 
6,11295+001 
2,74030-004 
3,02105+005 
1,05936+005 
1.14045+005 
1,36240+004 
1,05936+005 
1,00924+000 
1,90389+003 
5,69214^006 
1,67533-002 
4,46335+005 
1,54159+005 
1,05936+005 
1,05936+005 
9,55162+003 
8,82739+004 
9,23860-001 
6,50354*001 
1,54116*002 
2,94912+003 
1,05936*005 
1,02555*004 
3,68640*004 
1,05936*005 
4,55111*003 
0,00000*000 
9,33434^006 
6,11916+001 

•OOOOO 
,00000 
.40548 
,11975 
.35419 
.07369 
,88637 
,49378+ 
.33956+ 
.64089. 
•00000+ 
,58256+ 
,00000+ 
,60644-
.15368+ 
,06371+ 
,63314+ 
•60800+ 
,00370+ 
,00923* 
.13761* 
,33583* 
,49024-
•02602* 
.40753* 
•92866* 
•04025* 
,57989* 
,13340* 
.00000* 
.79277+ 
•11596+ 
,60000-
,64797+ 
.88637+ 
.-15083* 
.15079+ 
.64089+ 
,00000+ 
.59716+ 
.00000+ 
,60927-
.16148+ 
.20343+ 
,63314+ 
,60800+ 
,23423+ 
•00946+ 
.39935+ 
.16469+ 
.49024-
30172+ 
40793+ 

7.96190+ 
1,28117+ 
1,57989* 
4,04204* 
0,00000* 
3.57124* 
6,11032* 

000 
000 
001 
001 
001 

• 004 
•005 
•005 
+ 004 
+ 003 
•000 
•003 
+ 000 
-005 
+ 004 
+ 004 
+ 003 
+ 003 
•004 
•000 
•003 
.006 
-001 
+ 005 
+ 005 
•004 
'005 
•004 
•004 
•000 
001 
001 
001 
004 
005 
005 
005 
003 
000 
003 
000 
005 
004 
004 
003 
003 
005 
000 
003 
006 
001 
005 
005 
004 
005 
004 
004 
000 
001 
001 
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1,55177 
2,94912 
1.05936 
1.02989 
3,68640 
1.05936 
4,55111 
0,00000 
9,57001 
6.10777 
2.74038 
3.02105 
1,05936 
1.31003 
1.38240 
1,05936 
1,00984 
1,92423 
6,64648 
1.67310 
4,41743 
1,54159 
1.05936 
1,05936 
1,10690 
7.61467 
9,72370 
6.64488 
1,58399 
2,94912 
1.05936 
1.04280 
3,68640 
1.05936 
4.55111 
0,00000 
8.86886 
6.10368 
2.74036 
3.02105 
1.05936 
1.10603 
1,38240 
1,05936 
1,01029 
1,93975 
5.67899 
1.67146 
4,38261 
1.54159 
1,05936 
1,05936 
1,11795 
7.53615 
7,60410 
5.35261 
1.61134 
2.94912 
1,05936 
1.05336 

002 
003 
005 
004 

•004 
005 
003 
000 
006 
001 

-004 
005 
005 
005 

• 004 
005 
000 
003 
006 

• 0 0 5 
• 0 0 5 
• 0 0 5 
- 0 0 5 
• 0 0 4 
- 0 0 4 
• 0 0 1 
- 0 0 1 
- 0 0 2 
• 0 0 3 
• 0 0 5 
- 0 0 4 
• 0 0 4 
• 0 0 5 
• 0 0 3 
• 0 0 0 
• 0 0 6 
• 0 0 1 
• 0 0 4 
• 0 0 5 
• 0 0 5 
• 0 0 5 
- 0 0 4 
- 0 0 5 
- 0 0 0 
- 0 0 3 
- 0 0 6 

-002 8 

-002 8 
005 
005 
005 
005 
004 
004 

-001 
• 001 
• 0 0 2 
+ 0 O 3 8 
• 0 0 5 1 
• 004 5 

49024 
,33063 
40753 
,77291 
,29523 
,57989 
,81661 
,00000 
,66141 
,10822 
,60000 
,77291 
,86637 
,37529 
,28060 
,64089 
,00000 
,62353 
,00000 
,80954 
.17429 
.58150 
,63314 
,60800 
,23004 
,00987 
,21073 
,48245 
,49024 
,22213 
,40753 
,20343 
,15515 
,57989 
,36862 
,00000 
,39315 
,10199 
,60000 
,64797 
,88637 
,32098 
04939 
64089 
,00000 
64307 
OOOOO 
60911 
18322 
92886 
.63314 
,60800 
-24721 
-01015 
-27273 
-06623 
,49024 
,52688 
,40753 
,06371 

0 0 1 
- 0 0 5 
- 0 0 5 
- 0 0 4 
- 0 0 5 
- 0 0 4 
- 0 0 4 
-000 
- 0 0 1 
- 0 0 1 

0 0 1 
- 0 0 4 
- 0 0 5 
- 0 0 5 
- 0 0 5 
- 0 0 3 
- 0 0 0 
- 0 0 3 
- 0 0 0 

0 0 5 
- 0 0 4 
• 0 0 4 
• 0 0 3 
• 0 0 3 
• 0 0 5 
• 0 0 0 
• 0 0 3 
• 0 0 6 
• 0 0 1 
• 0 0 5 
• 0 0 5 
• 0 0 4 
• 0 0 5 
• 0 0 4 
• 0 0 4 
• 0 0 0 
• 0 0 1 
• 0 0 1 
- 0 0 1 
- 0 0 4 
- 0 0 5 
- 0 0 5 

005 
003 
-000 
• 003 8 
000 
005 

•004 3. 
004 
003 
003 
004 
000 
-003 
-006 
-001 
-004 
-005 
-004 

67429-002 
44329+U05 
54159+005 
05936+005 
05936+005 
10050+004 
66086+004 
96920-UOl 
01770+001 
56263+002 
94912+003 
05936+005 
03428+U04 
68640+004 
05936+005 
55111+003 
OOOOO+OOO 
57001+006 
10637+001 
74036-004 
02105+005 
05936+005 
27199+005 
38240+004 
05936*005 
01000+000 
92960+003 
48059+006 
67252-002 
40499+005 
54159*005 
05936+005 
05936+005 
11165+004 
58n71^l)04 
23880-001 
50354+001 
59396+002 
94912+003 
05V36+U05 
04672^004 
68640+U04 
05936*005 
95111+U03 
0 0 (I 0 0 + U 0 0 
18496+006 
10246+001 
74 II 34-004 
02105+U05 
05936+005 
82"/'79^004 
38240+004 
05936+005 
01043+000 
94«27+003 
06328+006 
67099-002 
37321^005 
54159+U05 
05936+U05 

8,80953-
1,16775. 
7,77291* 
2,63314. 
4,60800* 
1,29523* 
1,00966* 
6,17485. 
6,64914. 
3,49024-
1,32660* 
1,40753. 
7,77291. 
1,28060* 
1,57989. 
3,75969. 
0,00000* 
3,66141* 
6,10610* 
3,60000-
7,58150* 
2,88637. 
4,35619. 
1,23004. 
3,64089. 
0,000004 
1,630354 
0,00000* 
8,80945-
1,17746-
7.20343-
2,63314-
4,60800-
1,15515-
1,00997-
6,23/39-
6,15/824 
3,49024-
1,124794 
1,40753-
6,64/97. 
1,04939. 
1,57989. 
3,054014 
0,00000-
3,131514 
6,10011-
3.60000-
5,92886-
2,88637-
4,30573-
9,24/21-
3,64089-
0,00000-
1,64864-
0,00000-
8-,80868-
1.18566" 
5,06371" 
2.63314" 

005 
004 
004 
003 
003 
005 
000 
003 
006 
001 
005 
005 
004 
005 
004 
004 
000 
001 
001 
001 
004 
005 
005 
005 
003 
000 
003 
000 
005 
004 
004 
003 
003 
005 
000 
003 
006 
001 
005 
005 
004 
005 
004 
004 
000 
001 
001 
001 
004 
005 
005 
004 
003 
000 
003 
000 
005 
004 
004 
003 

2,74037-
3,02105* 
1.05936* 
1,31607* 
1,36240* 
1,05936* 
1,00966* 
1,91885* 
6,64879+ 
1,67366-
4,43030+ 
1,54159+ 
1,05936+ 
1,05936+ 
1,10477+ 
7,62999+ 
9,96920 
7,01770+ 
1,57346+ 
2,94912+ 
1,05936+ 
1,03862+ 
3,68640+ 
1,05936+ 
4,55111+ 
0,00000* 
9,33434* 
6,10500* 
2,74038-
3,02105* 
1.05936* 
1,20331+ 
1,38240* 
1,05936* 
1,01015* 
1,93481^ 
6,15538+ 
1,67197-
4,39329+ 
1,54159+ 
1,05936+ 
1,05936+ 
1,11373* 
7,56592* 
8,52640-
6,00206* 
1.60317^ 
2,94912+ 
1,05936+ 
1,05027^ 
3,68640+ 
1,05936+ 
4,55111+ 
0,00000+ 
7,29961+ 
6,10136+ 
2,74030-
3,02105+ 
1,05936+ 
8,36707+ 

004 
005 
005 
005 
004 
005 
000 
003 
006 
002 8 
005 
005 
005 
005 
004 
004 
001 
001 
002 
003 
005 
004 
004 
005 
003 
000 
006 
001 
004 
005 
005 
005 
004 
005 
000 
003 
006 

005 
005 
005 
005 
004 
004 
001 
001 
002 
003 
005 
004 
004 
005 
003 
000 
006 
001 
004 
005 
005 
004 

002 8 

,60000-001 
,77291+004 
.88637+005 
,39479+005 
,29523+005 
,64089+003 
,00000+000 
.61664+003 
.00000+000 
,60957-005 
,17103+004 
,77291+004 
.63314+003 
,60600+003 
.28060+005 
.00976+000 
.19878+003 
.64762+006 
,49024-001 
,29004+005 
,40753+005 
.56150+004 
.23004+005 
.57989+004 
.60372+004 
.00000*000 
.57124*001 
,10401*001 
.60000-001 
.20343*004 
.88637*005 
,33794+005 
,15515+005 
.64089+003 
.00000+000 
.63692+003 
.00000+000 
.80930-005 
.18047+004 
,64797+004 
.63314+003 
.60600+003 
,04939+005 
.01006+000 
,24908+003 
,68181+006 
.49024-001 
.00060+005 
.40753+005 
.92866+004 
.24721+004 
,57989+004 
.68019+004 
.00000+000 
.79277+001 
.09840+001 
.60000-001 
.06371+004 
.88637+005 
.29256+005 



55 

3,68640* 
1,05936* 
4,55111* 
0,00000. 
6,23445* 
6,10041* 
2.74027-
3.02105* 
1,05936* 
6,71398-
1.38240-
1.05936-
1,010644 
1,95165-
3.47758-
1.67025-
4.35910-
1.54159-
1,05936-
1.05936-
1.12317-
7.49996-
3.62680-
2.69383-
1,62789-
2,94912-
1,05936-
1,05910-
3,66640-
1.05936-
4.55111-
0,00000-
2.24102-
6.09669-
2.74012" 
3,02105-
1.05936" 
1.00432" 
1.38240" 
1.05936" 
1.01078" 
1.95727-
5.22049" 
1.66976" 
0.00000" 
7,50000-
5,00000" 
0.00000" 
7,50000" 
5,00000" 
0.00000" 
7.50000" 
5,00000" 
0,00000" 
1.10000-
1.40000" 
5,00000-

-6,65170-
0,00000-

-6,74644-

004 
005 
003 
000 
006 
001 
004 
005 
005 
004 
004 
005 
000 
003 
006 
002 
005 
005 
005 
005 
004 
004 
001 
001 
002 
003 
005 
004 
004 
005 
003 
000 
006 
001 
004 
005 
005 
004 
004 
005 
000 
003 
005 
002 
000 
001-
000-
000 
001-
000-
000 
001 
000 
-000 
000 
-000 
•000 
-007. 
-000 
•007 

80255-
57989-
25459-
00000-
36525-
09692-
60000-
07389-
88637-
26176-
17513-
64089-
00000-
65748-
00000-

8.80634. 
1.18933-

98373-
63314-
60800-
46653-
01035-
30204-
54853-

8.24444-
3.05163" 

40753" 
62019" 
69050" 
57989" 
74554" 
OOOOO" 

6,57396" 
6.09417" 
1.00000" 
6.11747" 
2.68637" 
4.26591" 
8.92736" 
3.64089-

00000-
66338-
00000-
-14650. 
OOOOO. 
OOOOO. 
OOOOO. 
OOOOO. 
OOOOO. 
OOOOO. 
OOOOO. 
25000. 
OOOOO. 
77950. 
70000. 
OOOOO. 
80000-
60698-
OOOOO' 
OOOOO' 

004 
004 
004 
000 
001 
001 
001 
004 
005 
005 
004 
003 
000 
003 
000 
005 
004 
004 
003 
003 
004 
000 
003 
006 
001 
004 
005 
004 
004 
004 
003 
000 
000 
001 
-000 
003 
-005 
-005 
-003 
-003 
-000 
-003 
-000 
-004 
-000 
-001 
000 
-000 2 
-001 1 
-000 
•000 
-001 
•001 
• 000 
• 001 
•001 
•001 
• 007-1 
• 000-6 
-000 0 

05936*005 
12109*004 
51409*004 
49450-001 
57173+001 
61829+002 
94*12+003 
05936+005 
05590+004 
68640+004 
05936+005 
55111+003 
00000+000 
01576+006 
09964+001 
74C22-Q04 
02105+U05 
05936*005 
90752*004 
38240*U04 
05936*005 
01071+000 
95432+003 
94660+006 
67OO0-O02 
35473+U05 
54159+005 
05936+005 
05936+U05 
12494+004 
48730+004 
33450-UOl 
64334+001 
63031+002 
94912+U03 
05936+005 
05966+004 
-68640+004 
-05V36+U05 
-95111+003 
-00000+UOO 
-53183+005 
-09853+001 
.74007-004 
.90000-001 

.Oonoo+000-

4,60600" 
7,60255" 
1,01023" 
6,29033" 
4,32623" 
3,49024-
6.34/26" 
1,40/53" 
4.07389" 
6.17513" 
1.57989" 
1.78453" 
0.00000" 
1,91900" 
6,09570" 
3,60000-
2,98373-
2,88637-
4,27361-
4,46653-
3,64089-
0,00000-
1,66051-
0,00000-
2,04396-
1,19046-
1,82019-
2,63314-
4,60600-
2,69050-
1,01039-
6,31195-
1,55456-
9,89024-
1,24022" 
1,40/53" 
6,11/47" 
8,92/36" 
1,57989" 
2,57092" 
0,00000" 
2,38162" 
6,09390" 
1,00U00-
5,00000. 
1,00000-

003 
004 
000 
003 
006 
001 
004 
005 
004 
004 
004 
004 
000 
001 
001 
001 
004 
005 
005 
004 
003 
000 
003 
000 
004 
0O4 
004 
003 
003 
004 
000 
0O3 
006 
001 
004 
P05 
003 
003 
004 
003 
000 
000 
001 
000 
001 
000 

1,38240 
1,05936 
1,01054 
1,94328 
4,32339 
1,67058 
4,36530 
1,54159 
1,05936 
1,05936 
1,12098 
7,51488 
5,22500 
3,67806 
1,62385 
2,94912 
1,05936 
1,05783 
3,68640 
1,05936 
4,55111 
0,00000 
3,67357 
6,09906 
2,74017 
3,02105 
1,05936 
2,98997 
1,38240 
1,05936 
1,01075 
1,95619 
1,55337, 
1,66963-
4,35223-
1,54159-
1,05936-
1,05936-
1,12459-
7,48974-
7,64600" 
5,52310-
1,63105-

5,00000" 
3,00000" 

•004 7 
•005 3 
•OUO 0 
•003 1 
•006 0 
•002 8 
• 0 0 5 
• 0 0 5 
• 0 0 5 
• 0 0 5 
• 0 0 4 
• 0 0 4 
' 0 0 1 
' 0 0 1 
' 0 0 2 
• 0 0 3 
• 0 0 5 
• 0 0 4 
• 0 0 4 
• 0 0 5 
• 0 0 3 
• 0 0 0 
• 0 0 6 
• 0 0 1 

• 0 0 5 
• 0 0 5 
' 0 0 4 
• 0 0 4 
- 0 0 5 

- 0 0 4 8 

+ 000 0 
-003 
-006 
002 

-005 
-005 
•005 
•005 
•004 6 
•004 1 
•002 6 
•000 5 
•002 1 

• 0 0 1 0 
• 0 0 0 - 1 

90000-001 5,00000-001 5,00000-001 0 
00000+000-1,00000+000 3,00000+000-1 

50000-001 9,90000-001 5,00000-001 9 
OonOO+000 6,50000-001 2,00000+000 9 

9OOO0-0O1 3,77950+000 1,00000+000 1 
20000+000 2.10000+001 1,30000+000 2 
OOnoO+000 3,50000+001 3,00000+000 3 

60677+007-1,60615+007-6,74024+007 0 
85576+007-1,63340+007-1,63372+007-1 
00000*000 0,00000*000-6,66162+007-1 

60255+004 
64089+003 
00000+000 
65349+003 
00000+000 
80862-005 
18771+004 
07389+004 
63314+003 
60600+003 
17513+004 
01030+000 
28974+003 
46007+006 
49024-001 
00755+004 
40753+005 
96373+004 
46693+004 
57969+004 
28804+004 
00000+000 
40946+001 
09476+001 
35419-001 
62019+004 
66637+009 
26629+005 
69050+004 
64069+003 
00000+000 
66249+003 
00000+000 
44696-004 
19113+004 
11747+003 
63314+003 
60800+003 
92736+003 
01041+000 
30998+003 
22493+005 
00000+000 

00000+000 
00000+000 

00000+000 
00000+000 

75000-001 
30000-001 

30000*001 
50000*001 
70000*001 

00000*000 
63271*007 
66026*007 
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-1,66112 
-6,66913* 
-1.83749+ 
-6,76066+ 
-1,73909+ 
-6,69914+ 
-1,94818+ 
-6,63026+ 
-J,79763+ 
-6,93425* 
-1,97682+ 
-6,68255+ 
-1,62457+ 
-6,96632+ 
-1,96676+ 
-6,92563+ 
-1,61499* 
-6,96670+ 
-1,94126+ 
-6,95217* 
-1,77155* 
-6,99744* 
-1.66976* 
-6,95793* 
1,30000* 
1,51587* 
1,54104* 
1,30000* 
1,90175* 
1,59019* 
1,61439* 
1,86205* 
1,97796* 
1,65744. 
1,67534* 
1,90768* 
2,04173* 
1,70302* 
1,71090* 
1.92531* 
2.06683* 
1.71772* 
1.71416* 
1.92676* 
2,04911* 
1.69922-
1.68520-
1.89476-
1.98686-
1.65183-
1.63031" 
-4.53227" 
0.00000" 
0.00000" 

-2.53392-
0.00000-
0.00000-

-4,52727. 
0,00000. 
0,00000-

007 
007 
007 
007-
007-
007 
007 
007 
007-
007 
007-
007-
007-
007-
007-
007-
007-
007-
007-
007-
007-
007-
007-
-007-
002 
-002 
-002 
-002 
-002 
-002 
•002 
•002 
•002 
•002 
•O02 
•002 
•002 
•002 
•002 
•002 
•002 
•002 
•002 
•002 
'002 
'002 
'002 
-002 
•002 

• 002 
• 002 
• 005 
• 000 
• 000 
• 005 
• 000 
• 000 
• 005 
• 000 
• 000 

1,65975*007-
1,66694*007-
1.12250*006-
1,88510+007-
1,73686+007-
1,75893+007-
6.48623+007-
1.97241+007-
1.79502*007-
1.80728+007-
7,02457+007-
1.97853+007-
1.82214+007-
1,62224+007-

07265+007-
95645+007-
61329+007-
60145*007-
10185*007-
92144+007-
77094+007-
74974+007-

7,10669+007-
1.66829+007-
1,30000+002 
1.49285+002 
1.54132*002 
1.51940+002 
1.88611+002 
1.50403*002 
1.61601+002 

53143+002 
95502+002 
52772+002 
67794+002 
55010*002 
01110*002 
55678+002 
71392+002 
57135*002 
03266+002 
59043+002 

1.71696+002 
1.59056+002 

01650+002 
61582+002 
66714+002 
60357+002 
96052+002 
62945+002 
63100+002 
74693+003 
00000+000 
00000+000 
44319+005 
00000+000 
00000+000 

0.00000+000 
0,00000+000 
0.00000+000 

6.75545*007 
1.68827+007-
6-67B06+007-
1.88469+007-
6.79606*007-
1.76150*007-
6.91069*007-
1.97203*007. 
6.64603*007-
1.81052*007-
6.94565+007" 
1.97686*007" 
6-69646*007-
1-82545+007-
6-97511*007" 
1.95768*007" 
6-93675*007" 
1-80394*007" 
6-99324*007-
1-92293+007-
6-95645*007-
1-75097+007' 
6-99732+007-
1-86983+007. 
1-30000+002 
1-30000+002 
1.54038+002 
1.96588*002 
1.63359+002 
1-92177+002 
1.61420+002 
1.63683*002 
1.86137+002 
2-00521+002 
1.67563+002 
1-69049+002 
1.91414+U02 

05607+002 
71161+002 
71572+002 
93014+002 
06338+002 
71516+002 
••0791 + 002 
92086+002 
02933+OO2 

1-68624+002 
1-66*30+002 

87953+002 
96016+002 
63121+002 
00000+000 
47456*003 
Oonoo*ooo 
00000*000 
70793*004 
00000*000 
00n00+000 
00000+000 

0-00000+000 

0,00000+000 
1,66657*007-
1,71269+007-
1,01043+008-
1,92213+007-
l,75908+007-
l,77630+007-
6,03367+007-
1,97903+007-
1,60791+007-
1,61625*007-
7,04464+007-
1,96999+007-
l,82321+007» 
1,81918*007-
7,U8134+007-
-1,94960+007-
-1,80257+007-
•1,78/22+007-
•7,10362+007-
•1,90633+007-
•1,75078+007-
'1,72739+007-
'7,10738+007 
1,51646+002 
l,3nooO+002 
1,49497+002 
1,56663+002 
1,52247+002 
1,90359+002 
1,51074+002 
1,63883+002 
1,53709*002 
1,98002*002 
1,53757+002 
1,69331*002 
1,55713+002 
2,02345+002 
1,56961+002 
1,71673*002 
1.57821*002 
2,02945*002 
1.59991*002 
1.71047+002 
1,59576+002 
1,99611+002 
1,62186+002 
1,67066*002 
1,60599*002 
1,93436+002 
1,63079+002 
0,00000*000 

-2,62735*005 
0,00000*000 
0,00U00*OO0 

-2,55274*005 
0,00000+000 
0,00000+000 
0,00000*000 
0,00000*000 

0,00000* 
6,76697* 
l,71448t 
6,68616* 
1,92169* 
6,61278* 
1,78117* 
6,92250* 
1,97916* 
6,66561+ 
1,61996+ 
6,95643+ 
1,97093* 
6,91299+ 
1,62222* 
6,98262* 
1,99060+ 
6,94556* 
1,78934* 
6,99617* 
1,90767* 
6,95837* 
1,72813* 

000 0 
0 0 7 - 1 
0 0 7 - 1 
0 0 7 - 1 
0 0 7 - 9 
0 0 7 - 1 
0 0 7 - 1 
0 0 7 - 1 
0 0 7 - 7 
0 0 7 - 1 
0 0 7 - 1 
0 0 7 - 1 
0 0 7 - 7 
O07-1 
0 0 7 - 1 
0 0 7 - 1 
0 0 7 - 7 
0 0 7 - 1 
0 0 7 - 1 
0 0 7 - 1 
0 0 7 - 7 
0 0 7 - 1 
0 0 7 - 1 

1,51665 
1,30000 
1,30000 
1,56537 
1,59054 
1,84491 
1,94791 
1,63660 
1,65731 
1,89964 
2,02379 
1,69094 
1,70243 
1,92239 
2,06169 
1,71654 
1,71681 
1,92837 
2,05903 
1,70394 
1,69817 
1,90711 
2,01074 
1,67032 
1,65085 
1,66102 

*002 
• 002 
+ 002 
+ 002 
+ 002 
+ 002 
+ 002 
+ 002 
+ 002 
• 002 
• 002 
+ 002 
• 002 
• 002 
• 002 
*002 
• 002 
• 002 
• 002 
• 002 
+ 002 
002 
002 
002 
002 

+ 002 

0,00000+000 0 
7,03767+004 0 
0,00000+000 1 
0,00000+000 0 
1,31657+003 0 
0,00000+000 5 
0,00000+000 0 
0,00000+000 0 
0,00000+000 0 

00000*000 
83797*007 
71249*007 
73686+007 
21418*007 
94821*007 
77862*007 
79494*007 
49211*007 
97635+007 
81702*007 
82126+007 
09661+007 
96806+007 
62023*007 
91219+007 
09289*007 
94023*007 
78634*007 
76985*007 
10746*007 
86834*007 
72835+007 

51645*002 
51738*002 
30000*002 
49873*002 
59174+002 
52652*002 
92749*002 
51871*002 
65964*002 
54337+002 
99601*002 
54801*002 
70539+002 
56427+002 
02790+002 
58025+002 
71975+002 
58466+002 
02560+002 
60644+002 
70045+002 
60013+002 
98092+002 
62646+002 
65199+002 
60737+002 

00000+000 
00000+000 
51052+005 
00000+000 
00000+000 
01917+003 
00000+000 
00000+000 
00000+000 
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0,00000. 
0,00000. 
0,00000. 
1,47456* 
0.00000* 
0.00000* 
7.70793* 
0,00000* 
0.00000. 
0.00000* 
0.00000* 
0.00000-
0,00000* 
0,00000* 
7,03767* 
0.00000* 
0.00000* 
1.31657* 
0,00000* 
0.00000* 
0,00000-
0,00000-
0,00000-

-4.52126-
0,00000-
0.00000-

-2,53392-
0,00000-
0,00000-

-4,50694-
0,00000-
0,00000" 

-2,53394-
0,00000-
0,00000-
1,47496-
0.00000-
0,00000" 
7,70793-
0,00000-
0,00000" 
1,51092-
0,00000-
0,00000-
3,53573-
0,00000-
7,03767-
0,00000-
0,00000-
1,31657-
0,00000-
0,00000-
1,44319-
0,00000-
0,00000-

-4,49494-
0,00000-
0,00000-

-2,93392-
0,00000-

000 0 
000 0 
000 0 
003-2 
000 0 
000 0 
004-2 
000 0 
000 
000 
000 
000 
000 
000 
004 
000 
000 
003 
000 
000 
000 
000 0 
000 0 
005 
000 
000 
005 
000 
000 
005 
000 
000 
005 
000 
000 
003 

5 
0 
0 
1 
0 
0 
7 
0 
0 
1 
0 
0 
2 

000 0 
000 0 
004-2 
000 0 
000 0 
005-2 
000 0 
000 0 
003-6 
000 
004 
000 
000 
003 
000 
000 
005 
000 
000 
005 
000 
000 
005 
000 

00000+000 
00000+000 
00000+000 
62737+005 
00000+000 
00000+000 
55278+005 
00000+000 
00000+000 
00000+000 
00000+000 
00000+000 
00000+000-
00000*000 
00000*000 
51052*005-
00000*000 
00000*000 
03057*003-
00000*000 
00000*000 
00000*000 
00000*000 
76036*003 
00000*000 
00000*000 
44319*005 
00000*000 
,00000*000 
,03767*004 
,00000*000 
,00000*000 
,31657*003 
,00000+000 
,00000+000 
,62758*005 
,00000*000 
,00000*000 
,55309*005 
,00000*000 
,00000*000 
,53392+005 
,00000+000 
,00000*000 
,41169*005. 
,00000*000 
,00000*000 
,51052*005-
,00000*000 
,00000*000 
,06960*003-
,00000*000 
,00000*000 
,70793*004-
,00000*000 
,79322*003 
,00000*000 
,00000*000 
,44319*005 
,00000*000 

00000*000 
0ODO0*UOO 
oonoo*ooo 
0 3 / 6 7 * 0 0 4 
0 0 0 0 0 * 0 0 0 
0 0 0 0 0 * 0 0 0 
3 1 6 5 7 * 0 0 3 
0 0 0 0 0 * 0 0 0 
0 0 0 0 0 * 0 0 0 
oonoo*ooo 
0 0 0 0 0 * 0 0 0 
Oonoo*ooo 
92687*005 
00000*000 
00000*000 
53392*005 
00000*000 
00000*000 
51656*005 
00000*000 
00000*000 
00000*000 
00000*000 
00000*000 
47456*003-
00000*000 
00000*000 
70793*004-
00000*000 
00000*000 
91052*005 
00000*000 
00000*000 
13926*003 
00000*000 
03/67*004 
00000*000 
00000*000 
31657*003 
oonoo*uoo 
Oonoo*ooo 
4 4 3 1 9 * 0 0 5 
0 0 n 0 0 * u 0 0 
0 0 0 0 0 * 0 0 0 
5 0 4 8 6 + 0 0 5 
0 0 0 0 0 + 0 0 0 
0 0 0 0 0 * 0 0 0 
93392*005 
00000*000 
00000*000 
46032*005 
00000*000 
00000*000 
94383*005 
00000*000 
00000*000 
47456*003 
00000*000 
00000*000 
70'/93*004 

0,00000. 
0,00000* 
0,00000* 
0,00000. 
1,51052. 
0,00000. 
0,00000. 
5,02328. 
0,00000* 
0,00000* 
0,00000* 
0,00000-
5,75350* 
0,00000* 
0,00000* 
1,44319. 
0,00000. 
0,00000* 
0,00000* 

o,oouoo. 
0,00000* 
0,00000. 
0,00000* 
0,00000* 
•2,62749. 
0,00000* 
0,00000* 
•2,55295. 
o.oouoo. 
0,00000-
'2,533924 
0,00000-
0,00000-
-7,22272-
0,00000-
0,00000-
1,51052-
0,00000-
0,00000-
5,05398-
0,00000-
0,00000-
7,70793-
0,00000-
5,78045-
0,00000-
0,00000-
1,44319-
0,00000-
0,00000" 
7,03767" 
0,00000" 
0,00000" 
1,31657" 
0,00000" 
0,00000" 
•2,62782' 
0,00000. 
0,00000' 
•2,55342' 

000 
000' 
000 
000 
005' 
000 
000 
003' 
000 
000 
000 
000 
003 
000 
000 
005 
000 
000 
000 
000 
000 
000 
000 
000 
005 
000 
000 
005 
000 
000 
005 
000 
000 
005' 
000 
000 
1)05' 
000 
000 
003 
000 
000 
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. 0 0 0 0 

, 0 0 0 0 
, 0 0 0 0 
, 5 5 4 2 
, 0 0 0 0 
, 0 3 7 6 
, 0 0 0 0 
, 0 0 0 0 
, 3 1 6 5 
, 0 0 0 0 
, 0 0 0 0 
, 4 4 3 1 
, 0 0 0 0 
, 0 0 0 0 
, 3 6 6 9 
, 0 0 0 0 
, 0 0 0 0 
, 5 3 3 9 
, 0 0 0 0 
, 0 0 0 0 
, 2 7 9 0 
, 0 0 0 0 
, 0 0 0 0 
, 5 5 8 2 
, 0 0 0 0 

0 * 0 0 0 0 
0 * 0 0 0 0 
2 * 0 0 3 - 4 
0 * 0 0 0 0 
7 * 0 0 4 
0 * 0 0 0 
0 * 0 0 0 
7 * 0 0 3 
0 * 0 0 0 
0 * 0 0 0 0 
9 * 0 0 5 0 
0 * 0 0 0 
0 + 0 0 0 
6 + 0 0 5 
0 + 0 0 0 
0 + 0 0 0 
2 + 0 0 5 
0 + 0 0 0 
0 + 0 0 0 
8 + 0 0 5 
0 + 0 0 0 

0 + 000 
1 + 005 
0 + 000 

,00000 
,00000 
,07422 
,00000 
,00000 
,51052 
,00000 
,00000 
,29546 
,00000 
,00000 
.70793 
,00000 
.95565 
.00000 
.00000 
•44319 
•OOOOO 
•OOOOO 
•03767 
,00000 
,00000 
,31657 
.00000 

' 0 0 0 
• 0 0 0 
• 0 0 5 
' 0 0 0 
' 0 0 0 
' 0 0 5 
' 0 0 0 
• 0 0 0 
' 0 0 3 
' 0 0 0 
' 0 0 0 
' 0 0 4 
' 0 0 0 
• 0 0 3 
' 0 0 0 
' 0 0 0 
• 0 0 5 
' 0 0 0 
' 0 0 0 
• 0 0 4 
• 0 0 0 
• 0 0 0 
• 0 0 3 
• 0 0 0 

4.06463+005 
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APPENDIX B 

FORTRAN Listing of TRANTEMP Code 

PROORAH TRANTEHP TR»N 1 
C THAN 2 
C This IS THE MAIN Sl,BROUTINt. TRAN 
C TRAN 
C THIS COnE HAS BEEN NAMED THANTEMP (TRANSIENT TEMPERATURE) AND IS TRAN 
C USED TO DETERMINE THE TI (-E'UEPENDENT TEMPERATURE «4AP OF A TRAN 
C HYDRAULIC RABBIT ASSEMBLY, IT HAS BEEM ASSIGNED THE AR80NNE THAN 
C NATIONAL LABORATORT IDfcNTIfI CAT I ON NUM3ER RE418X, TRAN 
C IRAN 
C TRAN 
C TRAN 

DIMENSION A(8>e),Al(50)'A2(50),A3(50).t4(50)>A5(50)iA6(50),A7(50)>TRAN 
XAB(50),A9(50),A10{50),A11(50),A12(50).A13(50),A14(50),A19(50), TRAN 
XA16(50).A17(50)«A18(90). THAN 
XBl(50),R2(50),B3(50).B4(S0)>tJ5(50)<B6( 50 ),B7(50>.88(50 )iB9i;o)' TRAN 
XB10<50).B11<50)'B12(S0I.813(50).B14(50).815(50). TRAN 
XCP4t50),CP6(50)i I"*" 
XD(8),DIS4(50),DIS8(58)> TH»N 
XF(8,50).FRAC8(50), THAN 
XG(8,8,50), TRAN 2 
XHE4T(50).HL3(50),HL5(50),HL7(50). TRAN 2 
XIFRAC8{50). THAN 2 
)IOAL(50),QALWPG(50).OH20(50)<UH204(50).3H206(50>> TRAN 2 
XR(8),REMAN8(5P),RH04(5D),RHOd(50) . THAN 2 
XST0RE(5fi). TRAN 
XT(8,50),TFLOW(50),THEAT(50).TITCFLOW(50).TPOSN{50I. THAN 
XVEQUIV(50)»VlNTMD(50),VOLll50>iVOL3(50)iVSTORE(50). TRAN 
XYFLOl.(50),THEAT(50).yiTCFLUH(50).YPOSN(50) TRAN 
TYPE LOGICAL DEBUG TRAN 
COMM0N/)/DEBUG/2/TlME,TP0SN,YPOSN,PRABT/3/MPOSM/4/TFL0f>YFL0W. TRAN 

XHFLOw,GPRIMARY.Gi,G2,G3,CZfcRO/5/R/8/RNJDE.RLNOrH,RH04,RHRVS4, TRAN 
XRMOVE, TRAN 
X F A C T O R . T R V H S 4 / 9 / T / 1 0 / J J . H l < K 2 . M < l . i < l < < 2 / l l ' ' H ( ; A T . T H E A T , Y H f e A T , Q H 2 O < TRAN 
X Q A L W P G . Q M A X W . 0 M A X M / 1 2 / M H t A T / 1 4 / C 0 N D A L , * H 0 A L . C P 4 , C O 6 . R H 0 8 , H L 5 . T R A N 
XHL7.Dl.D2.D3,DELRl.D6LH2,DtLH5.D6LH6.R3TRM,PBT.)M2,TMPIN4, TRAN 
X T M P I N 8 / 1 5 / I H A B T , I R A B T 2 < M R V H S / 1 6 / V 0 L 3 . V D L N D 3 , S T P R E , D T A U > V 0 L N D 1 . TRAN 
XRPTNOD.RBTEND.RNDEND.RHRVSB.TRVHSS THAN 
C0MM0N/17/MITCFL0W,TITCFL0".YITCFL0H TRAN 

1 F0RMAT(«E12.5) THAN 
2 F0HMAT(6I12) TRAN 
3 F0RMAT(36X,7Fi2.4) TRAN 
4 F0RM4T(1X,F11,4,9F12,4» TRAN 
5 F0RMAT(1X,E11.4,9E12,4J TRAN 
6 F0RMAT(lX,Fli,4,9E12,4) TRAN 
7 FOHHATCIX.111,9112) THAN 
8 F O R M A T ( / ) "*JJ 
9 FORMAT(lHl) THAN 

10 F(1RMAT(34H COOLANT WATER EXPANSION TOO LARGE) TRAN 
11 F0RMAT(1X.E11.4,F12-4,2I12) THAN 
12 FnRMAT(lX,Ell,4.El2-4,I12,fcl2.4) TRAN 5 
14 FORHlT(io6HOA'NErKAXIMU(' COMPUTATION TIME MUST BE PLACED AFTER THTRAN 52 

XE V A R I A P L E DUMP IF This PRUBLEM IS TO 3E CONTINUED.) TH»N 5-
15 F0RMAT(L12.5I12) H^^*^ ! 
16 FDHM4T(52X,17HlNPUT INFORMATION/) THAN 5 
17 F 0 R H A T ( 5 3 X , 1 5 H C 0 M P U T E D OLTPUT/) TRAN 5 
18 FORHATMOH CARD 6** +. 3X , U H T O T A L AX I AL > 2X, 13HA XI AL SECTION, TRAN 5 

X3X.13HAYIAL SECTION.3X>2«HT0TAL NUMBER OF NORMALI ZED, 3X» THAN 58 
X15HT0TAL NUMBER OF, 3» , 15HT0TAL NUMBER OF/l 4 X. 8-(SECT I ONS. 5X , TRAN 5 = 
XinHC0NTAlNlNG,4X,l4HC0NTAlNlNG TOP,6X,20HHEAT 3ENERATI0N R A T E , 6 X , TRAN 6 
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TRAN 
THAN 
TRAN 
TRAN 
TRAN 
TRAN 
IRAN 
THAN 
TRAN 
TRAN 
TRAN 
TRAN 
TRAN 
TRAN 

X 
X 
X 

19 FORMAT (ixW18^ 114. 116. I 22. 124, 118) 

20 
X 
X 
X 
X 

2 n S i l j ; ' b D S n " i : 3 5 ^ , i 9 H ; i i E R - T 0 . ^ ^ ^ ^ ^ (INCHES,/13X, 
X52nSsT'9X-62sEC0ND.9i.5H;MIRD,9X,6HF0JRTH.9X.5HFIFTH,9X.5HSIXTH. 

XeX,7HSEVENTH,9X,6HEIGHTH) ^ . . -, c . r.s Al 
93 FnRMAT(lX.F17.4,Fl5.4,P14.4,Fl5,4,F14.4,F14,4|F15.4,F15.4) 
24 FOR«AT(10H CARD 9.++,3X,16HHEAT60 LENGTH OF,4X.9HLENGTH 0F,6X, 

X16HDISTANCE BEThEEN.7X,16HCOMPUTATI0N TIME,2X, 
X17HSTARTING TIME FOR, 5X, 7HHR0BLEM/15X,IIHRABB IT TUBE,5X, 
X13HRABBIT SAMPLE,3X,19HL0WtH END OF R A 38 I T , 9X , 3H I NTERV AL . 8X . 
X13HDELAYED DEBUG,5X, iiHTERMI NAT I0N/17X,8H(INCHES),8X,8H(INCHES ). 
X4X,23H4MD LOWER END OF HEATED,6X, 9H(SECONDS),lOX,9H(SECONDS ),6X. 
X9H(SECONDS)/48X,i6HSECTI ON (INCHES)) 

25 F0RMAT(1X,F23,4,F18-4.F17.«.F22.4,F19.4,F1B,4) 
26 FORMATdiH CARD IO«*«.2X,I6HMAXIMUM, IMITIAL.IOX, 

X16HMAXIMUM, INITIAL.14X,17HINITIAL HAS3 FLOW,17X,17HINITIAL MASS FTRAN 
XLOW ""*'^ 

X /13X,15HH£ATINQ RAT: IN,IIX,15HHEAT ING RATE IN.TRAN 
X12X,23HIN THE OPEN RABBIT TUBE,15X,14HIN THE PRIMARY/13X, TRAN 
X16HWATER (WATTS/GM).10X,l6HMtTAL (wATTS/GM),15X,14H(LB/HR-SQ, FT),TRAN 
X21X,14H(LB/HR.S(J. FT)) TRAN 

27 F0RMAT(1X,F24.4,F26.4,F32.4,F35,4) THAN 
28 FORMATdiH CAPD 11 + + .,5X,17HTEMPERATUR£ VALUE,5X, TRAN 

X16HTUBE WATER INLET,IX.19HHRIMARY WATER INLET , 7X,5HMETAL,lOX, TRAN 
X5HM6TAL,3X,14HHETAL SPfcCIFlC/13X,24HF0R CONSTANT TEMPERATURE,3X» TRAN 
XiiHTEMPERATURE.6x,llHTfcMPEHATURE,8X,12"(C0NDUCTIVITY,5X.7HDENSITY, TRAN 
X7X,4HHEAT/18x,14HMAP (CEGRtE F),9X,1 OH(DEGREE F),8X.lOH(DEGREE F),TRAN 
X5X,20H(BTU/'HR.FT-DEGREfc F ). 2X , 5H ( PCF ), 2X, 17H ( B TU/LB-DEGHEE F)) TRAN 

29 F0RMAT(lX,F27.4,F22-4,Fie,4,Fl9,4,F15.4,F12,4) TRAN 
30 F0RMAT(12H CARDS i2 + . + ,28X.40HNORMALI ZED AXIAL HEAT GENERATION PROTRAN 

XF!Le//32X,14HAXlAL PCSITI0N,13X,31HN0R'4ALIZED HEAT GENERATION HATETRAN 
X) TRAN 

31 FORMATdX, I39,F37.4) TRAN 
32 F0RMATd2H CARDS i3** + . 26X< 43HN0RMALI ZED HEAT GENERATION RATE V6RSTRAN 

XUS TIME//33X,i4HTIHE (SECONDS), 13X. 31HN0RMALI ZED HEAT GENERATION HTHAN 
XATE) TRAN 

33 FORMATdX,F4i,4,F35-4) TRAN 
34 F0RMATd2H CARDS i4*. + , 26X, 44HN0RMALI ZED RABBIT TUBE FLOW RATE VgRTRAN 

xsus TIME// THAN 
X33X,14HTIME (SECONDS),18X,20HNORMALIZEO FLOW RATE) TRAN 

35 FORMATdX,14HTIME ( SECONDS ), 32X, 26HTEMPER A TURE MAP (DEGREE F)//) TRAN 
36 FORMATdX,LID TRAN 
37 FORMAT(70H0ALLOWED COMPUTEH TIME IS EXHAUSTED, A PUNCHED CARD DUHTRAN 

XP IS PROVIDED,) TRAN 
38 FORMATd20h THE INITIAL CONDITION GEOMETRICAL ARRANGEMENT FOR THISTRAN 

X PROBLEM IS DESCRIBED IN THt FOLLOWING DIAGRAM. ••*.*+»+*++**«+*/TRAN 
xa9X.31H(ALL DIMENSIONS ARE IN INCHtS.)//) TRAN 

39 F0RMATd3X,92HRADlUS . . . * • • « • . • . * • • • • » * * • * • •TRAN 
X . + . . . + . . . . + . . . . . + . . •/17X,3H(1),9X.3H(2),9X. TRAN 
X3H(3),9X,3H(4),9x.3H(5).9X<3H(6),91l,3H(7),9X,3H(8>) TRAN 
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64 
69 
66 
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69 
70 
71 
72 
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84 
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87 
88 
89 
90 
91 
92 
93 
94 
99 
96 
97 
98 
99 
100 
101 
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103 
104 
109 
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107 
106 
109 
110 
111 
112 
113 
114 
115 
116 
117 
IIB 
119 
120 
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40 F0RMAT(9X,6Fl2,4/) jHj^ ,2, 
41 F0RMAT(6X,1HZ) TR^^ .ji 
42 F0RMAT(1X,1H(.I2.1H),F7.4,42X,1HX,11X.1HX,11X.IHX,11X.1HX,11X.IHX)TRAN 123 
43 FORMATdX,1H(, 12,1H),F7.4,6X,IHX,11X,14X,11X.1HX.11X.1HX,11X,1MX, TRAN 124 

XllX.lHX.llX.lMX.llX.lHX) ipj^ j^2, 
44 F0RH*T(12H C A R D S i6+«+,34X.27HRA8BlT P3SITI0N VERSUS TIME// TRAN 126 

X33X,14HTIHE (SECONDS),15X,24HRAB8IT POSITION (INCHES)) TRAN 127 
45 F 0 R M A T d H l , 1 2 H M A I N PROGRAM//) TR .^J , j , 
46 FORMATdX,15) T R , ^ Ti, 
47 F0RMAT(9A6) TRAN 130 
46 F0RMAT(24X,9A8) THAN 131 
49 F0RMATd2H C A R D S I 5 * . * , 2 I X . 4 0 H N O H M A L I Z 6 D PRIMARY FLOH RATE VERSUS TRAN 132 

XTIME//33X,14HTIHE (SECUNBS),18X,20HNOR1ALI ZED FLOW RATE) TRAN 133 

I TRAN 134 
X THAN 139 
C NEW PRORLEM BE(3lNS HIRE THAN 136 
^ TRAN 137 

100 CONTINUE TRAN 139 
LSTEDY'O TRAN 140 
MPRINT.O TRAN 141 
H R V R S M O TRAN 142 

T|ME«0, TRAN 143 
P^I-^T 9 TRAN 144 
READ 2. MPASS TRAN 149 
IF(EOF,60)1850.110 TRAN 146 

110 IF(HPASS-l)lll,1802.1792 TRAN 147 
111 CONTINUE TRAN 148 

PRINT 16 THAN 149 
DO 112 I.l,4 THAN 150 
READ 47, T1.T2,T3,T4,T5,r6.T7,T8,T9 TRAN 151 

112 PRINT 48, T1,T2,T3,T4.T5,T6,T7,T8,T9 THAN 152 
PRINT 8 i PRINT 8 TRAN 153 
READ 2, JJ,Ki,K2,MHEAT,MFLOW,MPOSN THAN 194 
READ 15, DEBUG.HOPT.HSTECY,MEND.NPHINT,MITCFLOH TRAN 155 
READ 1, (R(I),I»2.b) TRAN 156 
READ 1, ZTUBE.RLNGTH.PHABT.DTAU.TDEBUG.TFINAL THAN 157 
READ 1, OMAXw,QMAXM,GZtR0,i-PRIMARY THAN 158 
READ 1, T S T A R T , T H P I N 4 . T M ? I I . O , C 0 N D A L , R H 3 A L « C P * L T H A N 159 
READ 1, (HEAT(J),J«liJJ) THAN 160 
HEAD 1, ( T H E A T ( I ) , Y H E A T ( I ) . I « 1 , M H E A T ) THAN 161 
READ 1, (TFLOW(I),YFLOW(I),I51,MFL0W) THAN 162 
READ 1, (TITCFL0W(I),YITCFLOW(I),I'l.MlTCFLOW) TRAN 163 
READ 1, (TPOSN(I).YPCSN(I),lil.MPOSN) THAN 164 
IF(MOPT)120.120.150 THAN 165 

120 DO 140 J>1,JJ THAN 166 
DO 130 K « I . 8 T H A N 1 6 7 

130 T ( K , JjiTSTART TRAN 168 
140 CONTINUE TRAN 169 

00 TO 170 TRAN 170 
190 DO 160 J»1,JJ TRAN 171 

I«JJ-J+1 THAN 172 
160 READ 1, (T(K,I),K«1.|) THAN 173 
170 CONTINUE THAN 174 

PRINT 18 THAN 175 
PRINT 19, J J , P < 1 . K 2 » M H E A T , H F L 0 H . M P 0 S N THAN 176 
PRINT 8 THAN 177 
PRINT 28 THAN 176 
PRINT 21, DEBUG<MOPT,MSTEDY,MEND.NPHINT,MITCFL0W THAN 179 
PRINT 8 THAN 160 
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PRINT 8 
PRINT 22 
PRINT 23, 0,.(R(1)'I>2>8) 
PRINT 8 
PRINT 6 
PR INT 24 
PRINT 25. ZTUBE.RLNGTH.PHABT.DTAU.TDEBJO.TFlNAt 
PRINT 8 
PRINT 8 
PRINT 26 
PRINT 27, 0 M A X W , Q M A X H , G Z E R O , G P R I M A R Y 
PRINT 8 
PRINT 6 
PRINT 28 
PRINT 29, TSTART,THPIN4,TMPlN8.e0NDAL.RH0AL«CPAL 
PRINT 8 
PRINT 8 
PRINT 30 
PRINT 31, (J,HEAT(J).J»1.JJ) 
PRINT 8 
PRINT 8 
PRINT 32 
PRINT 33, (THEAT(I),YHfcAT(l)#l»l.MHEAT) 
PRINT 8 
PRINT 8 
PRINT 34 
PRINT 33, ( T F L O W ( I ) , Y F L O I I ( I ) , I » 1 , M F L O W ) 
PRINT 8 
PRINT 8 
PRINT 49 
PRINT 33, ( T I T C F L O W ( I ) , Y I T C F L O W ( I ) , I » I , M I T C F L O H ) 
PRINT 8 
PRINT 8 
PRINT 44 
PRINT 33, (TP0SN( I ) , Y P 0 S N ( U » I » 1 , M P 0 S N ) 
PRINT 9 
PRINT 17 
PRINT 38 
PRINT 39 
PRINT 40, 0,, ( H ( I ) < U 2 » 8 ) 
PRINT 41 
KK1=K1-1 
K K K 2 : K 2 * 1 
AXI4L«ZTUBE*d,-( .5/JJ)) 
DO 171 J=KKK2,JJ 
K=JU*KKK2-J 
PRINT 42, K,AXIAL 

171 AXIAL=AXIAL-(ZTUBE/JJ) 
DO 172 J=K1,K2 
K=K2*K1-J 
PRINT 43, K.AXIAL 

172 AXIAL«AXIAL-(ZTUBE/JJ) 
DO 173 J«1,KK1 
KtKKl+1-J 
PRINT 42, K,AXIAL 

173 AXIALiAXIAL-(2TUBE/Jj) 
PRINT 9 
PRINT 35 
PRINT 4, 0. 
DO 180 J«KKK2,JJ 
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180 

190 

200 

210 

220 

230 
240 

250 

260 
270 

K«JJ+KKK2-J 
PRINT 3, ( T ( I , K ) , I » 4 , 8 ) 
DO 190 J«K1,K2 
K"K2+K1-J 
PRINT 4, {T(I,K>,I«1,8) 
DO 200 J'l.KKl 
K«KK1+1-J 
PRINT 3, (T(I,K),I«4,8» 
PRINT 8 
TRVRS4«T(4,1) 
TRVRSB«T(8,1) 
PRINT 8 
DO 210 L«2.8 
R(L)«R(L)/12. 
DELRl»R(2) 
DFLR2»DELR1 
DELR5"R(6)-R(5> 
D F L R 6 " D E L R 5 

Dl'2.+R(5) 
D?'2.*(B(5)-R(3)) 
D3«2.+(R(8)-R(7)) 
TDE8UG«TDEBUG/3600. 
DTAUiDTAU/3600^ 
R L N Q T H » R L N G T H / 1 2 . 
ZTURE«ZTUBE/12. 
FRA8T«PRAPT/i?. 
RNODE«ZTUBE/JJ 
vnLND3».1.l415927 + (R(ei + *2-H(7)« + 2)*RNO0E 
R B T N O D ' P R A B T / R N O D E 

IRABT«RRTNOD 
R B T R M S R R T N O D - I H A B T 
I F ( H B T R M - , 5 ) 2 2 0 , 2 2 0 . 2 3 0 
K 1 « I R A B T + 1 

GO TO 240 
Kl«IRABT+2 
CONTINUE 
flPTEND'PRABT+RLNGTH 
RNDEND'RbTEND/RNOOE 
IBABT2SHNDEND 
RnTHM?«RNDEND-IRABT2 
IF(RBTRM2-.5)250,250,26 0 
K ? « I R A B T 2 
GO TO 270 
K2«IRABT2+1 
CONTINUF 
G1«GZEH0 
G:«=GPRIMARY 
RH0IN4«nENSE{TMPlN4) 
fiH0IN8»DENSE(TMPlN8) 

ENTRY POINT FOR PROBLEM CONTINUATION IN THE NEXT TIME INTERVAL 

300 CALL FLOW 
IF(TIME-TDEBUG)304,303,303 

303 DEBUG'O 
304 |F(TIME)lOO,305,305 

TRAN 241 
THAN 242 
THAN 243 
TRAN 244 
TRAN 245 
TRAN 246 
TRAN 247 
THAN 248 
TRAN 249 
TRAN 250 
TRAN 251 
TRAN 252 
TRAN 253 
TRAN 254 
THAN 255 
THAN 256 
TRAN 257 
TRAN 258 
TRAN 259 
TRAN 260 
TRAN 261 
TRAN 262 
TRAN 263 
TRAN 264 
TRAN 265 
TRAN 266 
TRAN 267 
TRAN 268 
THAN 269 
THAN 270 
THAN 271 
TRAN 272 
TRAN 273 
TRAN 274 
TRAN 275 
TRAN 276 
TRAN 277 
TRAN 278 
THAN 279 
TRAN 280 
TRAN 281 
TRAN 262 
TRAN 263 
TRAN 284 
TRAN 285 
TRAN 266 
TRAN 267 
TRAN 268 
TRAN 289 
TRAN 290 
TRAN 291 
TRAN 292 
TRAN 293 
TRAN 294 
TRAN 295 
TRAN 296 
TRAN 297 
TRAN 298 
TRAN 299 
THAN 300 
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309 IF(DEBUG) GO TO 320 
TRAN 301 
TRAN 302 

RR!N T AI 305 " A N 303 
PRINT 5 , ' D E L R 1 , D E L R 2 . D E L R 5 . D E L H » . D 1 . D 2 . D 3 . D T A U . H L N 0 T H . Z T U B E THAN 304 
PRINT 5, TPHINT,R(3),R(5).U1.G2.G3 THAN 309 

""'"̂  « TRIN 3S7 
PRINT 8 IsJ„ : " 

, 320 CONTINUF THAN 306 
IF(K2-JJ)321,321.322 J2*N JIJ 

322 K?=JU THAN 311 
IF(Ki.Jj)321,321,323 TRAN 312 

323 Kl.JU + 1 " A N 313 
321 CONTINUF THAN 314 

IF(KKK2-JJ)324,324,325 '"*'' 315 
325 KKK2=JJ+1 TRAN 316 

IF(KK1-JJ)324,324.326 TRAN 317 
326 KKl'JJ THAN 318 
324 CONTINUE THAN 319 

C RABBIT-FREE SECTION THAN 320 
DO 330 J=1,KK1 TRAN 321 
CALL WATER(T(4.J),D1,G1,HL5(J)«RH04(J),CP4(J)) TRAN 322 

330 CONTINUE THAN 323 
DO 340 J!KKK2,JJ THAN 324 
CALL WATER(T(4,J),Dl,Gl.HL5(J)iHH04(J),CP4(J)) THAN 329 

340 CONTINUE THAN 326 
C THAN 327 
C RABBIT SECTION ONLY TRAN 328 

DO 350 J«K1,K2 THAN 329 
CALL WATER(T(4>J),D2,G2,HL5(J).RH04(J),CP4(J)) THAN 330 
HL3(J)»HL5(J) TRAN 331 

350 CONTINUE THAN 332 
IF(DEBUG) GO TO 400 TRAN 333 
PRINT 4A, 350 THAN 334 
DO 370 J«1,KK1 THAN 33! 

370 PRINT 6, T(4,j),Dl,Gl,HL9(J),RH04(J),CP4(J) TRAN 336 
DO 380 JtKl,K2 TRAN 337 

380 PRINT 6, T(4,j),D2.G2,HL5(J),RH04(J),CP4(J) THAN 338 
DO 390 JsKKK2,JJ THAN 339 

390 PRINT 6, T(4, j),Dl»Gi,HL5(U)<RH04(J),C94(J) TRAN 340 
PRINT 8 THAN 341 
PRINT 8 TRAN 342 

400 CONTINUE TRAN 343 
C THAN 344 
C OUTER WATER TRAN 345 

DO 410 J«1.JJ THAN 346 
CALL WATER(T(s>J),D3,G3,HL7(J)>RH0e(J).CP6(J)) TRAN 347 

410 CONTINUE TRAN 348 
IF(DEBUR) GO TO 440 TRAN 349 
PRINT 46, 430 THAN 390 
DO 430 J«1,JJ THAN 391 

430 PRINT 6. T(8,J),D3.G3,HL7(J),RH08(J),CP8(J) THAN 392 
PRIf'T 8 THAN 353 
P^INT 8 THAN 394 

440 CONTINUF THAN 359 
CALL QHEAT THAN 356 
IF(TIME)100,405,405 THAN 357 

405 DO 450 Jil.Jj TRAN 358 
(!H204(J)«155l.0774*RH04(J)*QH20(J) THAN 359 
0H2O8(J)»155l.0774*RHO8(,)+UH2O(J) THAN 360 
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450 0AL(J)«155 
IF(DEBUG) 
PRINT 46, 
DO 470 J«l 

470 PRINT 5, 0 
PRINT 8 
PRINT 6 

460 CONTINUE 
C 

IF(LSTEDY) 
4480 IF(MSTEDY) 
482 CALL STEAD 

IF(MEND)10 

1,07 74*RHOAL*OALHPG(J) 

GO TO 480 

470 

• UJ 
H2C4(J).QH206(J),QAL(J) 

D 
! • i n t W U J l O 

461 LSTEDY^l 
PRINT 9 
GO TO 300 

483 CONTINUE 
C RABBIT-FREI 

DO 490 J«l, 
Al(J)"2./( 
A2(J)«QH20 
A3(J)=(RHO 
A4(J)>(8,* 
A5(J)"(4.+ 
A6(J)'QAL( 
A7(J)"(RH0 
A8(J)'(2.* 
A9(J)'(2.* 
A10(J)'A6( 
A l K J)«A7( 
A12(J)'(4. 
A13(J)»(8. 
A14(J)>A6( 
A15(J)»A7( 
A16(J)"2./ 
A17(J)«nH2 

490 A18(J)"(RH 
DO 500 J«K 
Al(J)»2./( 
A2(J)>QH20 
A3(J)>(RHO 
A4(j)>(e.+ 

A5(J)»(4.* 
A 6 ( J ) * 0 A L ( , 

A7(J)'(RHO 
A S ( J ) « ( 2 . * I 

A9(J)«(2.+' 
A 1 0 ( J ) « A 6 ( 

A11(J)»A7( 
A12(U)«(4. 
A13(J)«(8. 
A14(J)«A6( 
A15(J)«A7( 
A16(J)»2./ 
Al7(J)»0H2 
k 4 a I I \ m t OU 

4488,4480.483 
482,482.481 
Y 

0,100,481 

A17( J)»OHZI 

900 A18(J)«(RHI 
IF(RBTRH-,: 

510 A2( KKl )•-

X + R B T R M * ( ( (I 

X*RBTHM*((R 

SECTION 
Kl 

5)**2) 
J)/(HL5(j)*H(5)) 
J)*CP4(J))/(HL5(J)+H(5)+DTAU) 
5(J)+R(5))/(C0NDAL+DELR5*(4,»R(5)+0ELR5)) 
,+R(5)+DBLH5))/((DELR5+*2)+(4,»H(5)+DELH5)» 
/CONDAL 
• C P A L ) / ( C O N D A L « D T A U ) 

6 ) - D E L R 5 ) / ( 2 , * H ( 6 ) + D E L R 6 + + 2 ) 

6 ) + D E L R 6 ) / ( 2 , + H ( ( ) ) * D E L H 6 + + 2 ) 

2 , * R ( 7 ) - D E L R 6 > ) / ( ( D E L R 6 * * 2 ) + ( 4 , * H ( 7 ) - D E L R 6 ) ' 

L 7 ( J ) * R ( 7 ) ) / ( C 0 N D A L * D E L R 6 * ( 4 , * R ( 7 ) - 0 E L R 6 ) ) 

(«) 
(J) 
(J) 
2,J 
5) 
J)/ 
J) 
5(J 

R 
/CO 
•CP 
6," 
6) 

• •2-
/(HL 
•CP6 
J 
•2) 
(HL5 
CP4( 
)«R( 
(5) + 
NDAL 
A L ) / 
D E L R 

DELR 

R(7)+*2) 
7(J)+R(7)) 

{J))/(HL7(J)*R(7)»DTAU) 

(J)+R(5)) 

J))/(HL5(J)*R(5)*DTAU) 
5))/(C0NDAL*DELR5+(4,+R(5)+DELR9)) 
DELH5))/((DtLR5++2)+(4,»R(5)+DELH5)) 

(CONDAL+DTAU) 
5)/(2,*H(6)+D£LR6*+2) 
6)/(2,«H(6)«DELH6«»2) 

2.+R(7)-BELR6))/((DELR6+*2)+(4,^R(7)-0ELR6>> 
L7(J)*R(7))/(CUNDAL+DELR6+(4.*R(7)-DELR6)) 

(e>*+2-R(7)+«2) 
(J)/(HL7(J)+H(7)) 
(J)*CP8(J))/(HL7(J)+R(7)+DTAU) 

520,520,910 

( KKl ) « ( 1 , / 0 H 2 O 4 ( KKl ))+((l,-RBTRM).0H204( KKl > 

5)*+2)-(R(3)»+2))/(R(5)*+2))+0H204( KKl ) 

)*+2)/(R(5)*«2))+OAL( KKl )) 

TRAN 361 
TRAN 362 
THAN 363 
TRAN 364 
TRAN 369 
TRAN 366 
TRAN 367 
TRAN 368 
TRAN 369 
TRAN 370 
TRAN 371 
TRAN 372 
TRAN 373 
TRAN 374 
TRAN 379 
TRAN 376 
THAN 377 
THAN 378 
THAN 379 
TRAN 380 
THAN 381 
TRAN 382 
TRAN 383 
THAN 384 
THAN 369 
TRAN 386 
TRAN 387 
TRAN 388 
TRAN 369 
TRAN 390 
TRAN 391 
TRAN 392 
TRAN 393 
TRAN 394 
TRAN 399 
TRAN 396 
TRAN 397 
THAN 398 
TRAN 399 
TRAN 400 
TRAN 401 
TRAN 402 
THAN 403 
TRAN 404 
TRAN 409 
TRAN 406 
TRAN 407 
TRAN 408 
TRAN 409 
TRAN 410 
THAN 411 
TRAN 412 
TRAN 413 
THAN 414 
TRAN 415 
TRAN 416 
TRAN 417 
TRAN 418 
TRAN 419 
THAN 420 
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920 CONTINUE 
930 i2lKKl2'M2!iKK2;"J',/2S204(KKK,,).((l.-RBTRM2,.QH204(KKK2) 

X+RBTRM2*(((R(9)+*2>-(Rl3)+*2))/(R(5)*+2))+aH204(KKK2) 
X + RBTRM2*((R(3)**2)/(R(5)4*2))*a*l.<l<KK2)) 

540 CONTINUE 
IF(DEBUG) GO TO 580 
PRINT 46, 560 

560 PRINT°5.'Ai(J).A2(J),A3(J).A4(J),A5(J).A6(J).A7(J>.A8(J».A9<J). 
XA10(J).A11(J),A12(J),A13(J),A14(J).A15(J).A16(J).A17(J).*18<J) 

570 PRINT 5, A1(J).A2(J),A3(J).A4(J).A»{J).A6(J).A7(J).A6(J).A9(J)» 
XA10(J).A11(J),A12(J),A13(J).A14(J),A15(J).A16(J),A17(J).*18<J> 

PRINT 8 
PRINT 8 

580 CONTINUE 

590 

600 

620 

630 

640 

RABBIT-FREE SECTION 
DO 590 J=1,KK1 
F(l.J)'-.5*Ai(J)«(T(5.J>-T(4,J))-A2(J>-A3(J)*T(4,J) 
F(2,J)=-.5*A4(J)+(T(4.U>-Tl5,J))-,5+A5(J)*(T(6.J)-T(5.J») 

X-A6(J)-A7(J) + T(5, J) 
F(3.J)'-.5*A8(J)*(T(5.J)-T(6,J))-.5+A9(J)*(T(7.J)-T(6»J») 

X-A10(J)-A11(J)*T(6«J) 
F(4.J)»-.5+Ai2(J)+(T(6.J)-T(7,J))-,5+A13(J)+(T(8,J)-T(7»J)) 

X-A14(J)-A15(J)+T(7,J) 
F(5,J)"-.5*Al6(J)*(T(7>J)-T(8,J))-Al7(J)-Aie(J)*T<e.J) 
DO 600 J«KKK2,JJ 
Fd,J)'-,5«Al{J)*(T(5.J>-T(4,J))-A2(J)-A3(J)*T(4,J) 
F(2,J)»-.5*A4(J)*(T(4,J>-T(5,J))-,5+A5(J)+(T(6,J)-T(5.J)) 

X-A6(J)-A7(J)«T(5,J) 
F(3,J)«-.5+A8(J)*(T{5,J>»T(6,J))-,5«A9«J)+(T(7,J)-T(6.J»l 

X-A10(J)-A11(J)*T(6.J) 
F(4,J)«-.5 + Ai2(J)*(T(6,J)-T(7,J))-,5<>AlS(J)*(T(6,J)-T«7»J)) 

X-A14(J)-A15(J)*T(7,J) 
F(5,J)«-.5*Ai«(J)*(T(7<J)-T(8,J))-Al7(J)-Al8(J)»T(8.J) 
IF(DEBUG) GO TO 640 
PRINT 46, 620 
DO 620 Jtl.KKl 
PRINT 5, F(1,J)<F(2.J),F(3»J),F(4,J).F(5,J) 
DO 630 JtKKK2,JJ 
PRINT 5, F(1,J),F(2.J)»F(3«J),F(4,J),F(5.J) 
PRINT 8 
PRINT 8 
CONTINUE 

RABBIT-FREE SECTION 
DO 650 J«1,KK1 
G(l.l,J)«-,5*Al(J)-A3(J) 
G(1,2,J)«,5+A1(J) 
G(2.1,U)<,5*A4(J) 
G(2,2.J)«-,5*A4(J)-.5*A5(J)-A7(J) 
G(2,3,J)'.5+A5(U) 
G(3,2,J)'.5*A8(J) 
G ( 3 , 3 . J ) « - , 5 « A 6 ( J ) - . 5 + A 9 ( J ) - A 1 1 ( J ) 
G(3>4,J)>,5+A9(J) 
G ( 4 , 3 , J ) » , 5 + A 1 2 ( J ) 
G(4.4,J)»-,5*Al2(J)-,5+A13(J)-Al5(J) 
G(4,5,J)«,5*Al3(J) 

TRAN 
TRAN 
TRAN 
THAN 
THAN 
TRAN 
THAN 
THAN 
THAN 
THAN 
THAN 
TRAN 
THAN 
TRAN 
TRAN 
TRAN 
THAN 
TRAN 
THAN 
TRAN 
THAN 
TRAN 
THAN 
THAN 
TRAN 
TRAN 
THAN 
THAN 
TRAN 
TRAN 
THAN 
THAN 
TRAN 
TRAN 
TRAN 
TRAN 
TRAN 
TRAN 
TRAN 
TRAN 
TRAN 
TRAN 
TRAN 
TRAN 
TRAN 
THAN 
THAN 
THAN 
THAN 
THAN 
TRAN 
TRAN 
THAN 
THAN 
THAN 
TRAN 
TRAN 
THAN 
THAN 
THAN 

421 
422 
423 
424 
429 
426 
427 
428 
429 
430 
431 
432 
433 
434 
439 
436 
437 
438 
439 
440 
441 
442 
443 
444 
44! 
446 
447 
448 
449 
450 
451 
452 
453 
454 
459 
496 
457 
458 
499 
460 
461 
462 
463 
464 
46! 
466 
467 
468 
469 
470 
471 
472 
473 
474 
475 
476 
477 
478 
479 
460 
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G(5,4,J)»,5«Al6(J) 
650 G(5,5,J)'-,5*Al6(J)-Al8(j) 

DO 660 J»KKK2,JJ 

Q(l,l,J)«-.5«Al(J)-A3(U) 
G(1.2,J)«.5*Al(J) 
G(2,l,J)<,5+A4(J) 
G(2.2,J)«^,5+A4(J)-.5+A5(J)-A7(J) 

G(2<3,J)«.5+A5(J) 

G(3,2> J)*.5*A8(-J) 
G(3<3,J)«-,5*A8(J)--5«A9(J)-A11(J) 

G(3,4,J)«,5+A9(J) 
G(4,3,J)«.5+Al2(J) 
G(4,4,J)"-.5*Al2(J)-,5+Al3lJ)-A15(J) 
G(««5,J)«,5*Al3(J) 
G(5<4,J)«,5*Al6(J) 

660 G(5.5,J)«-,5+A16(J)-Al8(J) 

IF(DEBUG) GO TO 700 

PRINT 46, 680 
DO 680 J«1,KK1 

680 PRINT 5, G(l,l,J).G(l,2.u)>G(2,l.J),G(2,2,J),G(2,3,J),G(3,2,J)' 
XG(3,3,J)>G(3,4>J),G(4>3.J),Q(4,4,J),S(4,5<J),G(5,4,U),G(5,5>U) 

00 690 J«KKK2,JJ 
690 PRINT 5, G(l,l,J),G(l,2.J).G(2,1,J).G(2>2,J)>G(2,3>J),G(3,2,J)> 

XG(3,3,J),G(3,4'J)>a(4,3.J),G(4,4,J).G(4,5>J),G(5,4,J),G(5>5,J) 

PRINT 8 

PRINT 8 

700 CONTINUE 

RABBIT SECTION ONLY 

DO 710 J»K1,K2 
A4(J)i(8.*HL5(J)*R(5))/(C0NDAL*DELR5+(4.*R(5)+DELR5)) 
A5(J)4(4.+(2.*R(5)*DELH5))/((DELR5«*2)*(4,+R(5)+DELR5)) 

A6(J)>QAL(J)/CONDAL 

A 7 ( J ) > ( R M 0 A L + C R A L ) / ( C 0 N D A L * U T A U ) 

A 8 ( J ) « ( 2 . * R ( 6 ) - D E L H 5 ) / ( 2 , * H ( 6 ) « D E L H 6 * + 2 ) 

A 9 ( J ) « ( 2 . * R ( 6 ) * D E L R 6 ) / ( 2 , + H ( 6 ) » 0 E L R 6 * « 2 ) 

A 1 0 ( J ) = A 6 ( J ) 
A11(J)'47(J) 
A 1 2 ( J ) " ( 4 . * ( 2 . + H ( 7 ) - B E L R 6 ) ) / ( ( O E L R 6 * + 2 ) + ( 4 . / R ( 7 ) - O E L R 6 ) ) 

A13(J)«(8.+HL7(J)*R(7))/(C0NDAL*DELR6+(4.*R(7)-DELR6)) 

A14(J)>A6(J) 
A15(J)»A7(J) 
A16(J>"2./(H(8)++2-R(7)**2) 
Al7(j)«OH208{j)/(HL7(J)+fi(7)) 
A18(J)«(RH08(J)*CP8(J))/(HL7(J)+R(7)«DTAU) 

Bl( J ) ' ' 4 . / ( D E L R 1 * * 2 ) 

B?(J)>QAL(U)/CONDAL 
B 3 ( J ) " ( R H 0 A L * C P A L ) / < C O N D A L + D T A U ) 
B4(J).(2.+R(2)-DELRl)/<2,*«t2)+DELHl++2) 
B5(J)«(?. + R<2)+DELR2)/(2,+M<ii!)*DELHl + + 2) 

e6(J)'6?(J) 

B8(J)'(4.M2.+R(3)-DELH2))/((D6LR2 + + 2)*(4.*R(3)-DELR2)) 
B9(J).(8.+HL3(J>+R(3)'^<(CUNDAL*DELR2)«(4.«R(3)^DELR2)) 

B10(J)"R2(J) 

Bl2(J)'<2'.*iL3(J) + H<3))/(<N<S>**2-«'3'**2'*'"'-3<Jl*«<J> 

*B13(J>'(2!*"U5(J)+R(5))/l<K(5)«+2-H(3)*+2)+(HL3(J)*R(3) 

X*HL5(J)+R(5>)) 

TRAN 481 
TRAN 482 
TRAN 483 
TRAN 484 
THAN 489 
TRAN 486 
TRAN 487 
TRAN 488 
THAN 489 
THAN 490 
THAN 491 
TRAN 492 
THAN 493 
THAN 494 
TRAN 49! 
TRAN 496 
TRAN 497 
TRAN 498 
THAN 499 
THAN 500 
THAN 501 
TRAN 502 
TRAN 503 
TRAN 504 
TRAN 50! 
TRAN 506 
TRAN 507 
TRAN 508 
TRAN 509 
THAN 510 
THAN 911 
TRAN 512 
THAN 513 
TRAN 514 
TRAN 51! 
THAN 516 
TRAN 517 
THAN 518 
TRAN 519 
THAN 520 
TRAN 521 
TRAN 522 
TRAN 523 
TRAN 524 
THAN 5 2 ! 
TRAN 526 
TRAN 527 
TRAN 528 
TRAN 529 
THAN 530 
TRAN 531 
TRAN 532 
THAN 533 
THAN 534 
TRAN 53! 
TRAN 536 
THAN 537 
THAN 538 
TRAN 539 
TRAN 540 
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B14(J)« 
710 B15(J)» 

|F(RBTR 
720 B2(K1) 

B6(K1)' 
BlO(Kl) 

730 CONTINU 
IF(RBTR 

740 B?(K2)» 
B6(K2)= 
Bi0(K2) 

750 CONTINU 
IF(DEBU 
PRINT 4 
DO 770 

770 PRINT 5 
XB10(J), 
PRINT 8 
PRINT 8 

780 CONTINU 

RABBIT 
DO 790 
F{1.J)= 
F(2.J)= 

X-B6(J) 

F(3,J)" 
X-B10(J) 
F(4,J)« 

X-R14(J) 
F(5,J)» 

X-A6(J)-
F(6,J)= 

X.A10(J) 
F(7,J)= 

X-A14(J) 
790 F(8,J)'! 

IF(DEBU 
PRINT 4 
DO 610 

610 PRINT 5 
PRINT 8 
PRINT 8 

620 CONTINU 

RABBIT 

DO 830 
G d , l , J 
G(1>2,J 
G(2,1,J 
G(2,2,J 
0(2,3,J 
G(3,2,J 
G(3,3,J 
0(3,4,J 
Q(4,3,J 
G(4,4,J 
G(4,5.J 
G(5,4,J 
G(5.5,J 

nH204(J)/(HL3 
(RH04(J)*CP4( 
M-,5)720,720, 
fl2(Kl)+(l./QA 
B2(K1) 

B2(Ki) 

F 
M2-.5)750,750 
P2(K2) + d,/CA 
R2(K2) 
'B2(K2) 
F 
G) GO TO 780 
6, 770 
JtKl,K2 
, B1(J)>B2(J) 
B11(J),B12(J) 

(J)+R(3)+HL5(J)+R(5)) 
J))/(DTAU+(HL3(J)+R(3)+HL5(J)«R(5))> 

L(K1))+(RBTRM*QH204(K1)*(1,-RBTRM)«0*L(K1)) 

74 0 
L(K2))*<(l.-«BTRM2)+QH204('<2)*RBTRM2«0AL(K2)) 

,B3(J)<B4(J),B5(J),B6(J)>B7(J)«B6(J>.B9(J)» 

.B13IJ),B14(J),B15(J) 

SECT 
J«K1 
-,5*S 
-,5*B 
B7(J) 
-.5*8 
- B l K 
-.5 + 8 
-B15( 
-.5 + A 
A7(J) 
-.5*A 
- A l K 
-,5*A 
-A15( 
-,5+A 
G) GO 
6, 61 
J«K1, 

F(l 

ION ONL 

K2 
1(J)*(T( 
4(J)«(T( 
•T(2,J) 
8(J)+(T( 
J)«T(3,J 
12(J)+(T 
J)*T(4,J 
4(J)+(T( 
•T(5,J) 
8(J)+(T( 
J)*T(6,J 
12(J)+(T 
J)*T(7,J 
16(J)+(T 
TO 820 

0 
K2 
,J),F(2 

2,J)-Td.J))-B2(J)-B3(J)«T(l,J) 
l,J)-T(2,J))-,5+B5(J)*(T(3.J)-T(2.J») 

2,J)»T(3<J))-.5+B9(J)+(T(4,J)-T(3,J)) 

) 
(3>J)-T(4,J))-.5+B13(J)*(T(5,J)-T(4»J)) 

) 
4,J)-T(5,J))-.5+A5(J)*(T(6»J)-T(5,J)) 

5,J)-Tl6,J))-.5+A9(J)«(T(7.J)-T(6,J») 

) 
(6.J)-T(7,J))-.5+A13(J)*(T(8,J)-T(7»J)) 

) 
(7<J)-T(a,J))-Al7(J)-Aie(J)*T(6.J) 

SECTION ONL 
J«K1,K2 
)=-.5+Bl(J)-B 
)«.5*B1(J) 
)«.5+B4(J) 
)t-,5*B4(J)--
)«.5+B5(J) 
)«.5+B8(J) 
)«-.5*B8(J)--
)=.5+B9(J) 
)".5+Bl2(J) 
)«-.5*B12(J)-
)«.5+Bl3(J) 
)«.5+A4(J) 
)«-.5*A4(J)-. 

J),F(3>J),F(4,J),F(5,J)>F(6,J),F(7>J)>F(8>J) 

Y 

3(J) 

5+B5(J)-B7(J) 

5+B9(J)-Sll(J) 

,5*B13(J)-B15(J) 

5*A5(J)-A7(J) 

THAN 541 
TRAN 542 

TRAN 543 
TRAN 544 
THAN 549 

THAN 946 
THAN 547 
THAN 948 
THAN 949 
THAN 550 
TRAN 951 
THAN 552 
THAN 553 
TRAN 994 
THAN 55! 
TRAN 556 
THAN 557 
TRAN 558 
TRAN 559 
TRAN 560 
TRAN 561 
TRAN 562 
TRAN 563 
TRAN 964 
TRAN 56! 
THAN 966 
THAN 567 
THAN 566 
TRAN 569 
TRAN 970 
TRAN 571 
TRAN 972 
THAN 973 
TRAN 574 
TRAN 979 
TRAN 976 
TRAN 977 
TRAN 578 
TRAN 579 
THAN 580 
TRAN 581 
TRAN 562 
TRAN 583 
TRAN 564 
THAN 58! 
TRAN 586 
THAN 987 
TRAN 588 
TRAN 989 
TRAN 990 
TRAN 591 
TRAN 592 
THAN 993 
TRAN 594 
TRAN 595 
THAN 596 
TRAN i97 
THAN 598 
THAN 599 
THAN 600 
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0(9,6 
0(6,9 
0(6,6 
Q(6.7 
0(7,6 
0(7,7 
G(7,e 
G(6,7 

830 G(8,8 
IF(DE 
PRINT 
DO 85 

850 PRINT 
XG(3,3 
XG(5,6 
XQ(8,7 
PRINT 
PRINT 

660 CONTI 

KKl'K 
KKK2> 

BOTTO 
DO 95 
Ad'l 
A(l<2 
DO 88 
III'I 
DO 87 
A(I, I 

870 III'I 
680 CONTI 

A(5,4 
A(5<5 
DO 89 

890 D(N)> 
IF(DE 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 

910 CONTI 
CALL 
DO 92 
NN"N + 

920 T(NN, 
IF(DE 
PRINT 
PRINT 
PRINT 
PRINT 

940 CONTI 
950 CONTI 

J)< 
J)« 
J) ' 
J)« 
J)« 
J)* 
J)« 
J)« 
J)« 

BUG) 
46, 

0 J« 
5, 
J), 
J), 
J), 
8 
6 

NUE 

1-1 
K2 + 1 

.5« 

.5 + 

-.5 

.5* 

.9 + 

-,5 

,5 + 

.5 + 

-.5 

GO 

65 
Kl, 
G d 
G(3 
G(6 
0(8 

A9( J) 
Ae(J) 
* A 8 ( J ) 

A9(J) 
Al2(J) 
*A12(J 
Al3(J) 
Al6(J) 
•A16(J 
TO 86 

0 
K2 
,1>J), 
.4,J). 
,9>J). 
,B>J) 

-.9**9(J'-4ll<-J) 

)-,9*A13(J)-A15<J) 

)-il8(,) 
0 

G(l.2,j).G(2,l,J),G(2.2,J).G(2.3,J).G(3,2,J)> 
G(4,3,J)>G(4,4,J),Q(4>5#J),G(9,4>J).G(9,9,J)' 
a((.6,J).Q(6,7,J).S(7,6.J)>G(7.7>J),G(7>8>J)> 

M 
0 J 
)>G 
)«G 
0 I 
-1 
0 I 
II) 
11 + 
NUE 
)'G 
)"0 
0 N 
F(N 
BUG 
46 
5, 
5, 
5, 
5, 
5, 

NUE 
GAU 
0 N 
3 
J) 
BUG 
46 
3, 
6 
6 

NUE 
NUE 

WATER SECTION 
•l.KKl 
(1.1,J) 
(1.2,J) 
• 2,4 

l'1.3 
'Q( I . m , J) 
1 

SS1(A,S,D) 
•1.9 

D(N) 
) GO TO 940 
, 920 
(T(LMN,J),LHN«4,8) 

RABBI 
DO 10 
ACl.l 

T SECTION 
40 J'K1.K2 

>'G(1«1>J> 

TRAN 601 
TRAN 602 
TRAN 603 
THAN 604 
TRAN 60! 
THAN 606 
TRAN 607 
TRAN 608 
TRAN 609 
THAN 610 
TRAN 611 
TRAN 612 
THAN 613 
TRAN 614 
TRAN 615 
TRAN 616 
TRAN 617 
TRAN 618 
THAN 619 
THAN 620 
TRAN 621 
TRAN 622 
TRAN 623 
TRAN 624 
TRAN 62! 
TRAN 626 
THAN 627 
TRAN 628 
TRAN 629 
THAN 630 
TRAN 631 
TRAN 632 
TRAN 633 
TRAN 634 
TRAN 63! 
TRAN 636 
TRAN 637 
TRAN 638 
THAN 639 
TRAN 640 
THAN 641 
TRAN 642 
THAN 643 
THAN 644 
TRAN 64! 
TRAN 646 
TRAN 647 
TRAN 648 
TRAN 649 
TRAN 690 
TRAN 651 
TRAN 692 
THAN 693 
TRAN 654 
TRAN 69! 
TRAN 696 
TRAN 697 
THAN 698 
TRAN 699 
TRAN 660 
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A(1,2)»G(1,2,J) IBJN til 

?°"° ' "2 ' ' jlTuttl 
DO 960 II«1.3 |BAN 66! 
A ( i . i i i ) = G ( i , i i i , j ) ;=J2 * " 

960 III-III + l " 1 ^ * " 
970 CONTINUF TSAN lit 

A ( 8 , 7 ) « R ( 8 , 7 , j ) !.':rz III 
A ( 8 . 8 ) « G ( 8 , 8 . j ) ; : * j ^ * ? • 
DO 980 N.1,8 " J N 670 

980 D(N).F(N,J) " J N " 1 
IF(DEBUG) GO TO lOOO ;:*N »72 
PRINT 46, 980 TRAN 674 
PRINT 5, Ad.l),A(l-J).D(l) 12*2 lit 
PRINT 5, A(2.1),A(2,2).A(2.3),D(2) I«*N 679 
PRINT 5, A(3,2).A(3.3).A(3.4),D(3) THAN 676 
PRINT 5, A(4,3),A(4,4).A(4.5),D(4) THAN 677 
PRINT 5, A(5,4),A(5.5).A(5.6),D(9) THAN 676 
PRINT 5, A(6.5).A(6,6)>A(6i7),D(6) THAN 679 
PRINT 5, A(7,6),A(7,7)»A(7.8),0(7) THAN 660 
PRINT 5, A(6,7).A(e,8)»D(8) THAN 681 

1000 CONTINUE " * N 682 
CALL GAUSS1(A,8,D) IJ*'' " ' 
DO 1010 N'1.8 IJ*N 684 

1010 T(N,J)=D(N) TRAN 665 
IF(DEBUG) GO TO 1030 TRAN 666 
PRINT 46, lOlO f"*" 667 
PRINT 4, (T(LMN,J),LHN«1,8) THAN 668 
PRINT 8 THAN 669 
PRINT 8 THAN 690 

1030 CONTINUE THAN 691 
1040 CONTINUF THAN 692 

C THAN 693 
C UPPER WATER SECTIOK THAN 694 

DO 1130 J=KKK2,JJ THAN 699 
A(l.l)=Gd,l,J) TRAN 696 
A(1,2)«G(1,2,J) THAN 697 
DO 1060 I«2,4 TRAN 696 
IIIiI-l THAN 699 
DO 1050 II»1,3 THAN 700 
A(I,III>«G(I,III,J) TRAN 701 

1050 111=111+1 THAN 702 
1060 CONTINUE THAN 703 

A(5,4)*G(5,4,j) THAN 704 
A(5,5)=R(5,5,J) TRAN 70! 
DO 1070 N»l,5 TRAN 706 

1070 D(N)=F(N,J) THAN 707 
IF(DEBUG) GO TO 1090 THAN 706 
PRINT 46, 1070 TRAN 709 
PRINT 5, A(l,l),A(l.2).D(l) THAN 710 
PRINT 5, A(2,1),A(2.2),A(2.3),B(2) THAN 711 
PRINT 5, A(3,2),A(3.3)»A(3.4),D(3) THAN 712 
PRINT 5, A(4,3),A(4,4).A(4,5),0(4) TRAN 713 
PRINT 5, A(5,4)<A(5.5)<D(5» THAN 714 

1090 CONTINUE THAN 71! 
CALL GAUSS1(A,5,D) THAN 716 
DO 1100 N>1>5 THAN 717 
NN=N+3 IRAN 718 

1100 T(NN,J).D(N) THAN 719 
IF(DEBUG) GO TO 1120 THAN 720 
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PRINT 46, 1100 

PRINT 3, (T(LHN,J),LMN«4,8) 

PRINT 8 

PRINT 6 
1120 
1130 

1131 
1132 

1140 

1150 

1160 

1161 

1162 

CONTINUE 
CONTINUE 

IF(TIME)1132,1132,1131 
IF(MPR|NT-NPRINT)1169,1132.1132 
CONTINUE 
TPRINT«(TIME+DTAU)+3600. 
PRINT 4, T P R I N T 

DO 1140 J"KKK2«JJ 
K»JJ+KKK2-J 
PRINT 3, (T(I,K),l«4,8) 
DO 1150 J«K1,K2 
K«K2+K1-J 
PRINT 4, (T(I,K),I»l,8) 
DO 1160 J>l,KKl 
K»KKl+l-J 
PRINT 3, (T(I,K),I«4,8) 
PRINT 6 
PRINT 8 
IF(TIME)1162,1162,1161 
MPRINTiO 
GO TO 1169 
MPRINT»1 

1169 

1170 

1171 
1173 

1172 
1174 

1179 

1180 

1190 

1205 

CONTI 
T|ME« 

CALL 
IF(TI 
MRRIN 
IF(Gl 
IF(TR 
TRVRS 
RHRVS 
IF(TR 
TRVHS 
RHRVS 
IF(DE 
PRINT 
PRINT 
CONTI 
DO 11 
V I N T M 

RH08( 
V0L3( 

IF(DE 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
CONTI 

DO 12 

NUE 
TIME-
FLOW 
MEllO 
T'MPR 
)1175 
VRS4-
4«T(4 
4«DEN 
VRS8 
8«T(8 
8"DEN 
BUG) 
46, 
5, V 

NUE 
90 J 
D(J)« 
J)«DE 
J)«VI 
BUG) 
46, 

5, ( 

DTAU 

0,1170,1178 
INT + 1 
,1171,1171 
T(4,l))1173.1172<1172 
.1) 
SE(TRVRS4) 
T(8,l))1174.1175.1175 
1) 

SE(THVRSa) 
GO TO 1180 
1175 
0LND3 

!• JJ 
V0LND3+RH08(J) 

NSE(T(8.J) ) 
NTMn(J)/HH08(J) 
GO TO 1205 
1190 
VINTHD(J).J»1'JJ) 

5, ( 
8 
5, ( 
8 

NUE 
10 J=1>JJ 

RH08( J).J = 1'-'-" 

V 0 L 3 ( J) . J = l, J-J) 

TRAN 721 
TRAN 722 
TRAN 723 
THAN 724 
THAN 725 
TRAN 726 
TRAN 727 
TRAN 728 
THAN 729 
THAN 730 
TRAN 731 
TRAN 732 
TRAN 733 
TRAN 734 
TRAN 73! 
TRAN 736 
TRAN 737 
TRAN 738 
TRAN 739 
TRAN 740 
TRAN 741 
TRAN 742 
TRAN 743 
THAN 744 
THAN 749 
THAN 746 
TRAN 747 
TRAN 748 
TRAN 749 
TRAN 750 
TRAN 751 
TRAN 752 
TRAN 753 
TRAN 754 
TRAN 75! 
TRAN 756 
TRAN 757 
TRAN 756 
TRAN 759 
TRAN 760 
TRAN 761 
TRAN 762 
TRAN 763 
TRAN 764 
TRAN 76! 
THAN 766 
THAN 767 
TRAN 768 
TRAN 769 
THAN 770 
THAN 771 
THAN 772 
THAN 773 
TRAN 774 
TRAN 7 7 ! 
THAN 776 
TRAN 777 
TRAN 776 
TRAN 779 
TRAN 760 
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1210 ST0RE(J)=T(8,J) 
IF(UEBUG) GO TO 1220 
PRINT 46, 1210 
PRINT 4, (STORE(J),J«l»JJ> 
PRINT 8 

1220 IF(G1)1?21,1224,1224 
1221 CALL REVRSE 

IF(MRVHS)1223,1223.loo 
1223 IF(TIME)100,1224,1224 
1224 IF(Q3)1225.1222,1222 
1225 CALL PREVRSE 

IF(MRVRS)1226,1226,100 
1226 IF(TIME)100,1411,1411 
1222 VOLEXS=0. 

L = l 
M = 0 
DO 1280 J=2,JJ 
K«JJ-J+1 
V0LEXS«V0LEXS+V0L3(K«l)-V0LND3 
|F(VOLND3-VOLEXS)l230.1240.1240 

1230 T(8,K)=ST0RE(K+L) 
V 0 L E X S » V 0 L E X S - V 0 L N D 3 
H = M + 1 
L = L + 1 
GO TO 1250 

1240 CONTINUE 
T(8,K)»(V0LEXS*RHO8(K+L)«STORE(K+L)+(V0LND3-VOLEXS)*RH06(K+M) 

X+STORE(K+M))/(V0LEXS.RM08(K+L)+(V0LND3-VOLEXS)+RH06(K+M)) 
1250 CONTINUE 

IF(DEBUn) GO TO 1270 
PRINT 46, 1258 
PRINT 11, V 0 L E X S , T ( 8 , K ) , | I I , L 

1270 CONTINUE 
1280 CONTINUE 

C 
DO 1290 J'l.JJ 

1290 RH08(J).DENSE(T(8.J)) 
I F ( D E B U G ) G O T O 1310 
PRINT 46, 1290 
PRINT 8 
PRINT 4, ( R H 0 8 ( J ) . J = l . J J ) 
PRINT 8 

1310 CONTINUE 
C 
C 

DO 1320 J«1«JJ 
1320 ST0RE(J)«T(8,J) 

I F ( D E B U G ) G O T O 1340 
PRINT 46, 1320 
PRINT 4, {STORE(J),J»l,JJ) 
PRINT 8 

1340 CONTINUE 
V0LREP»(G3+3,1415927,(R(9)«+2-R(7)*+2)*DTAU)/RH0|N8 
A D V N C E " V 0 L R E P / V 0 L N D 3 
I B A D V N C E 
REMAIN«ADVNCE-I 
IF(DEBUO) GO TO 1360 
PRINT 46, 1340 
PRINT 6 
PRINT 12, VOLREP,ADVNCfc.I,REMAIN 

TRAN 761 
TRAN 762 
THAN 763 
THAN 764 
TRAN 78! 
TRAN 766 
TRAN 767 
TRAN 766 
TRAN 769 
TRAN 790 
TRAN 791 
TRAN 792 
TRAN 793 
THAN 794 
THAN 799 
THAN 796 
THAN 797 
TRAN 796 
TRAN 799 
TRAN 600 
TRAN 801 
THAN 802 
TRAN 803 
TRAN 804 
TRAN 809 
TRAN 806 
TRAN 807 
TRAN 806 
TRAN 809 
THAN 610 
THAN 811 
THAN 812 
TRAN 813 
TRAN 814 
THAN 815 
THAN 816 
TRAN 817 
TRAN 618 
TRAN 819 
THAN 820 
THAN 821 
TRAN 622 
TRAN 623 
THAN 824 
TRAN 82! 
TRAN 626 
THAN 627 
TRAN 628 
TRAN 829 
THAN 630 
TRAN 631 
TRAN 632 
TRAN 833 
TRAN 634 
TRAN 839 
TRAN 636 
TRAN 837 
TRAN 836 
TRAN 839 
TRAN 640 
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1360 CONTINUE THAN 841 
DO 1370 J'l, I TRAN 642 
K=JJ-J+1 TRAN 843 

1370 T(8,K)tTMP|N8 TRAN 844 
INTERMijj-l THAN 845 
T(8,INTERM)=(REMAIN«TMHIS8+RH01N8+(1.-REMA|N)+STORE(JJ) THAN 846 

X + BH08( JJ))/(REMAIN + RH0IN8+d.-HEHAlN)«^H0e(JJ)) THAN 847 
|JKLMN>I+2 TRAN 848 
00 1380 J'lJKLMN.jj THAN 649 
KtJJ.J+1 TRAN 850 

1380 T(8.K).(REMAlN + ST0RE(K+I*l) + RH08(K+I+l) + d,-RE'4Am)+STOHE(K+l) THAN 851 
X + RH08(K+I))/(REM»IN«RHU8(K+I+1) + (1,-RE"*AIN)+RH38(<+I)) TRAN 852 

C TRAN 853 
DO 1390 J»1,JJ TRAN 854 

1390 RH08(J).DENSE(T(8.J)) TRAN 855 
C TRAN 856 

IF(DEBUG) GO TO 1410 THAN 857 
PRINT 46, 1390 TRAN 858 
PRINT 8 TRAN 859 
PRINT 4, (T(8,J),J'l,JJ) THAN 860 
PRINT 8 THAN 861 
PRINT 4, (RH08(J),J=l,JJ) THAN 862 
PRINT 8 TRAN 863 

1410 CONTINUF TRAN 864 
C THAN 86! 
C TRAN 866 
C THAN 867 
1411 IF(Gl)1780,1412,1412 THAN 868 
1412 CONTINUE TRAN 869 

C TRAN 670 
C TRAN 671 
C THAN 872 

V0LNDl«3.l415927«(H(5)++2)+HN0DE THAN 873 
FACT0R»(R(5)**2-R(3)«+2)/(H(5)*+2) TRAN 874 
DO 1420 J'l.IRABT THAN 8 7 ! 

1420 V O L K J)«VOLNDi THAN 876 
I15=IRABT+1 TRAN 877 
VOLKI15)»RBTRM+V0LND1+(1.-H8THM)+V0LND1*FACT0R TRAN 876 
116.115+1 • THAN 879 
DO 1430 J.I16,K2 TRAN 880 

1430 VOLl(J)«FACTOR*VOLNDl THAN 881 
Il7»K2+l THAN 382 
VOLKI17)«RBTRM2+FACT0H*V0LNDl+(l.-RBTRM2)+V0LNDl TRAN 883 
I18"I17»1 TRAN 884 
DO 1440 J«I18,JJ THAN 86! 

1440 V O L K J)»V0LND1 TRAN 866 
IF(DEPUO) GO TO 1460 THAN 887 
PRINT 46, 1448 THAN 888 
PRINT 8 '"'^^ 889 
PRINT 5, PRAST,RBTN0D,HBTRM,HBTEND,RND:N0<RBTR12,V0LND1'FACT0R THAN 890 
PRINT 7, I R A B T , I R A B T 2 . K 1 , K 2 TRAN 891 
PRINT 5, ( V 0 L I ( J ) . J = 1 . J J ) T H A N 692 

1460 CONTINUE "*'* *'3 
r TRAN 894 
Q THAN 895 
1465 DO 1470 J = 1,JJ "*'* *'* 
1470 V S T O R E ( J ) » V O L I ( J ) |^*^ * " 

IF(DEBUG) GO TO 1490 THAN 898 

PRINT 46, 1470 IJJN " » 
PRINT 8 THAN 900 
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1490 

1500 

1530 

P 
P 
C 
D 
V 
R 
V 
I 
P 
P 
P 
P 
P 
P 

1520 C 
D 
S 
I 
P 
P 
P 

1550 C 
V 
D 
K 

V 
I 

1560 P 
G 

1570 C 
T 

x + 

I 
P 
p 
p 
c 
c 
V 
D 
V 
V 
D 
V 
V 
D 
K 
V 
I 

c 
D 
T 
G 
C 
V 
I 
p 
p 
c 
D 

1590 
1600 

1610 

1620 

1630 

1631 

1640 

1660 

RINT 5, 
RINT 8 
ONTINUE 
0 1500 
INTMD(J 
H04(J) 
O L K J) 
F(DEaUG 
RINT 46 
RINT 8 
RINT 5, 
PINT 8 
RINT 5, 
RINT 8 
O N T I N U F 

0 1530 
TOHE(J) 
F(DEBUG 
RINT 46 
RINT 4, 
BINT 8 
ONTINUE 
OL6XS=0 
0 1600 

JJ-J+1 
OLEXSsV 
F(VOLEX 
RINT 10 
0 TO 10 
ONTINUF 
(4,K)<( 
STORE(K 
F(OEBUG 
RINT 46 
RINT 5, 
RINT 6 
ONTINUE 
ONTINUE 
OLHEP=( 
0 1610 
EQUIV(J 
RPEOVsV 
0 1620 
ST0RE(J 
A D D : 0 . 

0 1630 
5JJ-J+1 
ADD=VAD 
F ( V A D D 

ONTINUE 
n 1631 
(4,J)=T 
0 To 17 
ONTINUE 
EXEOV'V 
F(OERUG 
RINT 46 
RINT 5, 
ONTINUE 
0 1670 

(VST0RE(J).J=1.JJ) 

J'l-JJ 
)!VST0HE(J)*RHO4(J) 

D E N S E ( T ( 4 , J ) ) 

V I N T M D ( J ) / R H 0 4 ( J ) 

) GO TO 1520 
, 1500 

(RH04(J),J=1,JJ) 

(V0L1(J),J=1,JJ) 

J«l.JJ 
=T(4,j) 
) GO TO 1550 
, 1530 
(STOR£(J)'J«l'JJ> 

J=2,JJ 

0LEXS+V0L1(K*1)-VST0HE(K+1) 

S-FACT0R*V0LND1)15/0,1560,1560 

0 

V 0 L E X S * H H 0 4 ( K + 1 ) + S T O H E ( K + 1 ) + ( V S T O R E ( K ) - V O L E X S ) * H H O 4 ( K ) 

))/(V0LEXS*RM04(K+l)+(VSTOHE(K)-VOLEXS)+RH04(K)) 
) GO TO 1590 
, 1570 
V0LEXS,T(4,K) 

G1«3,1415927.(R(5)* + 2)«DTAU)/R-I0|N4 

J=1.JJ 

)tVSTORE(J)/VSTORE(JJ) 
0LREP/VSTORE(JJ) 
J=l.JJ 
)«VEQUIV(J) 

J"l>JJ 

D+VEQUIV(K) 
VRPEQV)1630.1630,1640 

J«1«JJ 
MPIN4 
80 

A D D - V R P E Q V 

) GO TO 1660 
. 1640 
VRPEOV,VADD,VfcXEOV 

J=1,JJ . 

THAN 
THAN 
THAN 
THAN 
THAN 
TRAN 
TRAN 
TRAN 
TRAN 
TRAN 
TRAN 
THAN 
THAN 
TRAN 
TRAN 
TRAN 
THAN 
TRAN 
TRAN 
TRAN 
THAN 
TRAN 
TRAN 
THAN 
TRAN 
THAN 
TRAN 
TRAN 
TRAN 
TRAN 
TRAN 
TRAN 
TRAN 
TRAN 
TRAN 
TRAN 
TRAN 
TRAN 
TRAN 
THAN 
TRAN 
TRAN 
TRAN 
TRAN 
TRAN 
THAN 
TRAN 
TRAN 
TRAN 
THAN 
TRAN 
THAN 
THAN 
THAN 
THAN 
THAN 
TRAN 
TRAN 
TRAN 
TRAN 

901 
902 
903 
904 
905 
906 
907 
908 
909 
910 
911 
912 
913 
914 
915 
916 
917 
918 
919 
920 
921 
922 
923 
924 
925 
926 
927 
928 
929 
930 
931 
932 
933 
934 
935 
936 
937 
938 
939 
940 
941 
942 
943 
944 
945 
946 
947 
948 
949 
950 
951 
952 
953 
954 
95! 
956 
957 
956 
959 
960 
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1670 

1660 

1700 

1710 

1720 
1730 

1740 

1750 

1760 

1770 
1780 

RH04(j).DENSE(T(4,J)) 
DO 1680 J»1,JJ 
ST0RE(J)«T(4,j) 
IF(DEBUG) GO TO 1700 
PRINT 46, 1680 
PRINT 6 
PRINT 5, (RH04(J),J=1.JJl 
PRINT 8 
PRINT 4, (ST0Re(J),J«l»JJ) 
PRINT 6 
CONTINUF 
I20«JJ-K 
KEXIT.K 
DO 1710 L»1.I20 
MM«JJ-L+1 
T(4,MM)«TMPIN4 
T(4,K>«((VEQU|V(K)-VBXfcOV)+TMPIN4*RH0IN4+VEXEOV+ST0RE(JJ)' 

X)/ 
X((VE0UIV(K)-VEXEQV)+HH0IN4+V6XEQV*HH04(JJ)) 
I21«I20+2 
VLEFT.VEOUIV(JJ)-VEXEOV 
LINCRS'l 
INCRES'8 
DO 1770 J"I2l,JJ 
XNMRTR«8. 
INNER'O 
DENMTR«0. 
K«JJ-J+1 
H « K + J J - K E X I T + L I N C R S - I N C R E S 

IF(VLEFT-VEQUIV(K))1730,1760,1760 
XNMRTR.VLEFT+ST0RE(M)+HHC4(M)+XNMRTR 
BENMTR»VLEFT+RH04(H)*DfcNPTH 
VEOUIV(K)«VEQUlV(K)-VLEFT 
HINUS«M-1 
VLEFT.VSTORE(MINUS) 
IF(VLEFT-VEQUIV(K))1740,1740,1750 
I M A R K « M - 1 - I N N E R 
XNMRTR4 VLEFT.STORE ( I H A H K ) . H H 0 4 ( I MARK )+ XNMRTR 
[)ENMTRlVLEFT*RH04( |MARK)*DtNMTH 
VEQUIV(K)«VEQUlV(K)-VLkFT 
IMARK2"IMAHK-l 
VLEFT4VST0RE(IMARK2) 
INCRES4INCRES+1 
INNER.lNNER+1 
IF(VLEFT-VE0UIV(K))1740,1740,175 0 
I M A R K « M - 1 - I N N F R 
XNMRTR4XNMRTR+VE0UIV(K)*STURE(|MARK)+RH04(IMARK) 
DENMTR.DENMTR+VEQUIV(K)*RHU4(1HARK) 
T ( 4 , K ) « X N M R T R / D E N M T R 

VLEFT"VLEFT-VEQU|V(K) 
GO TO 1770 
T(4,K)«ST0RE(M) 
VLEFT«VLEFT-VEQUIV(K) 
LINCRS=LINCHS+1 
CONTINUE 
IF(DEBUG) GO TO 1790 
PRINT 6 
PRINT 46, 1780 
PRINT 4, (T(4,J),J»liJJ) 
PRINT 6 

TRAN 961 
TRAN 962 
TRAN 963 
TRAN 964 
TRAN 96! 
TRAN 966 
THAN 967 
TRAN 968 
TRAN 969 
TRAN 970 
TRAN 971 
TRAN 972 
TRAN 973 
THAN 974 
TRAN 979 
THAN 976 

•RH04(JJ)TRAN 977 
TRAN 978 
TRAN 979 
TRAN 980 
THAN 961 
TRAN 982 
TRAN 963 
TRAN 984 
TRAN 98! 
THAN 986 
TRAN 987 
TRAN 986 
TRAN 989 
TRAN 990 
TRAN 991 
TRAN 992 
TRAN 993 
THAN 994 
TRAN 99! 
THAN 996 
TRAN 997 
TRAN 998 
TRAN 999 
THANIOOO 
TRANlOOl 
TRAN1002 
TRAN1003 
TRAN1004 
TRANlOOi 
TRAN1006 
TRAN1007 
TRANlOOe 
TRAN1009 
TRANIOIO 
TRANlOll 
TRAN1012 
TRAN1013 
TRAN1014 
THANlOl! 
TRAN1016 
TRAN1017 
TRAN1018 
THAN1019 
TRAN1020 
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1790 CONTINUF 
GO TO 1795 

1792 READ 2, 1,115,116,117.118,120,121,11. 
X I I I , I J K L M N , I M A R K , I M A R K 2 . I N C H £ S , I N N E R , I N T E R M , 

XIRABT,IRABT2,J,JJ,K.K1,K2, 
X K E X I T , K K 1 , K K K 2 , L , L I N C R S , L M N , L S T E D Y , 
XM,MEND,MFLOW.MHEAT,MINUS,MM,MOPT, 
XMPOSN,MPRINT,MRVRS,MSTfcDY,MSTOP,N,NN,N'RINT 

READ 36. DEBUG 
READ 2, (IFRAC8(J),J«l.JJ) 
READ 1, A , A D V N C E , A X 1 A L . C C N U A L , C P A L < D , D 1 , D 2 . 

XD3,DELRl,DELR2,DELH5,DbLR6.DENMTR,DTAU,FACTOR, 
X G 1 , G 2 , G 3 , G P H | M A R Y , G Z E R 0 , P R A B T , Q M A X M , Q M A X W , R , R B T E N D , 
X R B T N 0 D , R B T R M , R B T R M 2 . R E M A I N , R H 0 A L , R H 0 I N 4 , R H 0 I N 8 , R H R V S 4 , R H R V S 8 , 
XRLNGTH,RMOVE,RNDEND.RNODE,TDEBUO, 
X T F | N A L < T I M E , T M P I N 4 , T M P 1 N 8 , 
XTPRINT,TRVRS4,TRVRS8,TSTART,VAUD,VtXEQV,VL£FT,V0LEXS, 
X V O L N D 1 , V 0 L N D 3 , V O L R £ P . V H P E 0 V , X N M R T R , Z T U 3 E 

READ 1, (A1(J),A2(J),A3(J),A4(J),A5(J),A6(J), 
XA7(J),AS(J),A9(J),A18(J).*11<J)>*12(J)<A13(J), 
XA14(J),A15(J),A16(J),A17(J),A18(J)< 
XBl(J),B2(J),B3(J),B4(J),B5(J),a6(J),B7(J),B8(J), 
X B 9 ( J ) , B 1 0 ( J ) , 8 1 1 ( J ) . B 1 2 ( J ) < B 1 3 ( J ) , B 1 4 ( J ) , B 1 5 ( J ) , 
XCP4(J),CP8(J),DIS4(J).DIS8(J),FR4C8(J), 
X H E A T ( J ) , H L 3 ( J ) , H L 5 ( J ) , H L 7 ( J ) , Q A L ( J ) , Q A L W P G ( J ) , 
XQH20(J),OH204(J),QH208(J),HfeMAN8(J),RH34(J), 
XRH08(J),ST0RE(J),VEQUIV(J).VINTMD(J),V3L1(J>. 

XV0L3(J),VST0RE(J).J=1,JJ) 
READ 1, (TFLOW(J),YFLOW(J),J=1,MFLOW) 
READ 1, (TITCFLOW(J),YlTCFLOW(J),J«l,MlTCFtOW) 
READ 1, (THEAT(J),YHEATfj),J=l,MHEAT) 
READ 1, (TPOSN(J),YP0SN(w),J»l,MP0SN) 
READ 1, ((F(LMN,J),LHN=1,8),J=l,JJ) 
READ 1, ((T(LMN.J),LHN=1,8),J«l,JJ) 
HEAD 1, (((G(LMN,L95l,J),LMN»1,8),L951«1,8),J«l.JJ) 

1795 IF(TIMELEFT(1),LT.9580)1830,1800 
1830 CONTINUE 

PRINT 37 
PUNCH 2, 2 
PUNCH 2, I,Il5.116,117,118.120,121,11, 

X I I I , I J K L M N , 1 M A H K , I M A R K 2 , I N C R E S , I N N E R , I N T E R M , 
X|RABT,IR4BT2,j,JJ,K,Kl,K2, 
XKEXIT,KKl,KKKJ,L,LlNCRS,LMN,LSTfiDY, 
XM,MENn,MFL0W,MHEAT,MlNUS,MlTCFL0H,MM,M3PT, 
X H P 0 S N , M P R | N T , M R V R S , M S T E D Y , M S T O P , N , N N , N P R I N T 

PUNCH 36, DEBUG 
PUNCH 2, (IFRAC8(J),Jcl,JJ) 
PUNCH 1, A,ADVNCE,AXIAL,CONDAL,CPAL.D,01,02, 

XD3,DELRl,DELR?,DELR5,DfcLR6,DENMTR,DTAU,FACTOR, 
XGl,Q2,G3,GPRlMARY,GZERO,PHABT,aMAXM,QMAXW,R,RBTEN0i 
X R B T N 0 D , R B T R M , R B T R M 2 . R E M A I N , R H O A L , R H O I N 4 , R H 0 I N 8 , R H R V S 4 , R H R V S 8 , 
XRLNQTH,RMOVE,RNDEND,HNUDE,TDEBUG, 
XTFINAL,TIME,TMPlN4,THPlNe, 
XTPRINT,TRVRS4,TRVRS8,TbTART,VADD,VfeXE0V,VLEFT,V0LEXS, 

THAN1021 
TRAN1022 
TRAN1023 
THAN1024 
THAN1025 
TRAN1026 
THAN1027 
TRAN1028 
THAN1029 
THAN1030 
TRAN1031 
TRAN1032 
TRAN1033 
TRAN1034 
TRAN103! 
TRAN1036 
TRAN1037 
TRAN1038 
TRAN1039 
THAN1040 
TRAN1041 
TRAN1042 
TRAN1043 
TRAN1044 
TRANIOA! 
THAN1046 
THAN1047 
THAN1048 
TRAN1049 
TRAN1050 
TRAN1051 
TRAN1052 
TRAN1053 
TRAN1054 
THAN1055 
TRAN1096 
TRAN1057 
TRANlOSe 
TRAN1059 
TRAN1060 
TRAN1061 
THAN1062 
TRAN1063 
THAN1064 
TRAN1065 
TRAN1066 
TRAN1067 
TRAN106e 
TRAN1069 
TRAN1070 
TRAN1071 
TRAN1072 
TRAN1073 
THAN1074 
THAN1079 
THAN1076 
THAN1077 
THAN1078 
THAN1079 
TRAN1060 
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TR,ZTU3E 
),A5(J),A6(J), 
A12(J),A13(J). 
J ) , 
(J),a7(J),Be(J). 
),B14(J),B15(J), 
AC6(J), 
(J),QA.HPG(J), 
(J),RH34(J), 
a(J),V3L1(J). 

MFLOW) 
),J«l,iITCFLOH) 
MHbAT) 
MPOSN) 
JJ) 
JJ) 

e),L951*l,8),J'l,JJ) 

1,11, 
NNER,INTERN, 

DY, 
W,MM,M3PT, 
N,NN,N'R|NT 

AL>D,D1,D2, 
R,DTAU,FACTOR, 
AXM,QMAXW,R,HBTEND> 
,RH0IN4,RH0IN6,HHRVS4,HHRVS8, 

,VEXEQV,VLEFT,VOLEXS, 
TR.ZTuaE 
,A5(J),A6(J), 
A12 ( J ) , A1 3 (<J ) ) 
J ) , 
(J),B7(J),ae(J), 
),614(J),B15(J), 
AC8(J), 
( J ) , Q A L W P G ( J > , 
(J),RH34(J), 
D ( J ) , V 3 L 1 ( J ) , 

FLOW) 
,J'I,MITCFLOH) 
HEAT) 
POSN) 
JJ) 
JJ) 
),L95i*i,e),j*i,JJ) 

21,11, 
NNtR,INTERH, 

TRAN1081 
TRAN1062 
THAN1063 
TRAN1084 
THAN1089 
TRAN1066 
TRAN1067 
TRAN1068 
THAN1069 
TRAN1090 
THAN1091 
TRAN1092 
TRAN1093 
THAN1094 
TRAN109! 
THAN1096 
TRAN1097 
THAN1098 
TRAN1099 
TRANllOO 
TRANllOl 
TRAN1102 
TRAN1103 
THAN1104 
T H A M I O ! 
THAN1106 
TRAN1107 
TRAN1108 
TRAN1109 
THANlllO 
TRANllll 
TRAN1112 
TRAN1113 
TRAN1114 
TRANlll! 
TRAN1116 
TRAN1117 
TRAN1118 
TRAN1119 
THAN1120 
TRAN1121 
TRAN1122 
TRAN1123 
THAN1124 
TRAN112! 
TRAN1126 
TRAN1127 
TRAN1128 
TRANH29 
TRAN1130 
TRAN1131 
TRAN1132 
THAN1133 
TRAN1134 
TRAN113! 
TRAN1136 
THAN1137 
TRAN1136 
TRAN1139 
TRAN1140 
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XIRABT,IRABT2,J,JJ,K 
XKEXIT,KKl,KKK2,L,Ll 
XM,MEND,MFLOW,WHEAT, 
X M P O S N , M P R I N T , M R V R S , 
PUNCH 36, DEBUG 
PUNCH 2, ( I F R A C 6 ( J ) 
PUNCH 1, A.ADVNCE.A 

XD3,DELHI,DELR2,DELR 
X G 1 , G 2 , G 3 , G P R I M A R Y , G 
X R B T N 0 D . R B T R M , R B T R M 2 
X R L N G T H . R M O V E . R N D E N D 
X T F I N A L , T I M E . T M P I N 4 , 
XTPRINT,TRVRS4,TRVRS 
XVOLND1,VOLND3,VOLRE 
PUNCH 1, (A1(J),A2( 

XA7(J),A8(J),A9(J).A 
XA14(J),A15(J),A16(J 
XBl(J),B2(J).B3(J).a 
XB9(J),B10(J),B11(J) 
XCP4(J),CP8(J),DIS4( 
X H E A T ( J ) , H L 3 ( J ) , H L 5 ( 
XQH20(J),QH204(J),aH 
XRH08(J),ST0RE(J),VE 
XV0L3(J),VSTORE(J),J 

,K1.K2, 
NCRS,LMN,LSTEDY. 
MINUS,HlTCFLOW,MM,M3PT, 
MSTfcDY,MSTOP,N,NN,N'RINT 

PUNCH 
PUNCH 
PUNCH 
PUNCH 
PUNCH 
PUNCH 
PUNCH 
PRINT 14 
GO TO 100 

1850 END 

(TFLOW(J), 
(TITCFLOW( 
( T H E A T ( J ) , 
(TPOSN(J), 
( ( F ( L M N , J ) 
((T(LMN,J) 
(((G(LMN,L 

,J.l 
XIAL 
5,DEL 
ZERO 
,HEMA 
.RNOD 
THPIN 
8,TST 
P.VHP 
J).A3 
18( J) 
),A17 
4(J), 
,B12< 
J),UI 
J),HL 
2fl8(J 
QlIV( 
n.-JJ 
YFLUW 
Jl.YI 
YHEAT 
YPOSN 
,LMN = 
,LMN = 
951/J 

JJ) 
CONDAL.C 
R6>D£NMT 
PRABT,QM 
IN.HHOAL 
E,TDEBUa 
6, 
ART,VADD 
EaV,XNMR 
(J),A4(J 
,All(J)> 
(J)<A18( 
B5(J),B6 
,).B13(J 
S8(J),FR 
7(J),QAl 
),nEMAN8 
,),VINTM 
) 
(J),J*l> 
TCFLOM(J 
(J),J'l. 
(J),J'l, 
1,6),J'l 
1,0),J'l 
),LMN'l, 

PAL,D,D1,D2, 
R,DTAU,FACTOR, 
AXM,QMAXW,R,RBTEND< 
,RH0IN4,RH0IN6,HHRVS4.RMRVS6. 

,VEXE0V,VLEFT,VOLEXS, 
TR,ZTU3E 
),A5(J),A6(J), 
Al2(J),A13(J)i 
J)> 
(J),B7(J),B8(J). 
),B14(J),B15(J). 
AC6(J), 
(J),aALHPG(J>, 
(J),RH34(J), 
D(J),V3L1(J), 

MFLOW) 
),J'l,'HlTCFLOW) 
MHEAT) 
MPOSN) 
JJ) 
JJ) 

6),L951'l<e),J'l.JJ) 

TRAN1141 
THAN1142 
TRAN1143 
TRAN1144 
TRAN1145 
TRAN1146 
TRAN1147 
TRAN1148 
THAN1149 
THAN1158 
THAN1151 
THAN1192 
THAN1193 
TRAN1194 
THAN1155 
THAN1156 
TRAN1157 
TRAN1158 
TRAN1159 
TRAN1160 
TRAN1161 
THAN1162 
TRAN1163 
TRAN1164 
TRAN116! 
TRAN1166 
THAN1167 
TRAN1168 
TRAN1169 
TRAN1170 
TRAN1171 
TRAN1172 
TRAN1173 
TRAN1174 
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SUBROUTINE STEADY 

THIS SURH 

MAP OF A 

DIMENSION 

XA9(50),Al 

XB1(50),R2 
XB10(50),B 

XCP4(50),C 
XF(50), 
XG(8,8), 
XHEAT(50), 
XCAL(50),0 
XR(e),RH04 
XT(6,50),T 

XYFLOW(50) 
TYPE LOOI 
COMMON/1/ 

XGPRIMARY, 
XG3,GZEP0/ 
XKKK2/11/H 
X/14/C0NDA 

XDELR5,DFL 
CnMM0N/i7 

F O R M A T d O 
F O R M A T d O 
F0RMAT(,16 
F O R M A T d O 
F0RMAT(i57 

X + // ) 
6 F O R M A T d H 
7 F O R M A T d X 
6 FORMAT(/) 
9 F O H H A T d X 

10 F 0 R M A T d 2 
X 97 
XRMINING T 
IF(DEBUG) 
PRINT 6 
PRINT in 

100 CONTINUE 
L P A S S ' O 

LPASS9'n 
IF(DEPUG) 
PRINT 9, 
PRINT 1, 

XJ«1,JJ),( 
X63, 
X G Z E O C D l , 
X(HL7(I),I 
X(HEAT( I )> 
X(0H20(I)< 
PRINT 2, 

110 CALL FLOW 
CALL OHEA 
IF(DEBUQ) 
PRINT 8 
PRINT 9, 
PRINT 1, 

O U T I N E I S U S E U T O D E T E R M I N E T H E STEADY-STATE TEMPERATURE 

HYDRAULIC R A B B I T A S S E M B L Y . 

A1(50),A2(50)'A3(50),A4(50), 

0(50).All(5o).Al2(50),A13(50) 

(50),B3(50).64(50).85(50)>B6( 

11(50)<B12(50). 

P8(50)< 

A5(50),A6(50),A7(50),A8(50) 

,A14(50),A15(50), 

50),67(50),B6(50)'a9(!0)' 

HL3(50 

ALWP3( 
(50),R 
FL0W(5 
, Y H E A T 

CAL DE 

DEBUG/ 
G1,G2, 

5/R/8/ 

EAT.TH 
L < R H O A 

R 6 , R B T 

/MITCF 
E12.5) 

112) 

X,7Fl2 

F12.4) 

H T H E 

),HL5(50),HL7(50), 

5 8 ) , O M 2 0 ( 5 0 ) , Q H 2 0 4 ( 5 0 ) , 3 H 2 0 B ( 5 8 ) , 

M08(58) • 
0 ) , T H E A T ( 5 0 ) , T I T C F L O W ( 5 0 ) , 

( 5 0 > . Y I T C F L U W ( 5 0 ) 

B U G 

2 / T I M E , B L A N K l d 0 1 ) / 4 / T F . O H , Y F L O W , M F L O W , 

RHODE,RLNGTM,RH04,BLANK 
EAT,YHEAT,0H20,UALWPG,Q 
L,CP4,CP8,RM08,HL5,HL7, 
R M , H B T R M 2 , T M P I N 4 , T M P I N 8 

LOW,TITCFLO",YITCFLOH 

2(4)/9/T/10/JJ,Kl,K2,KKl, 

4AXW,0MAXM/12/MHEAT 

01,D2,D3,DELHI,DELR2, 

INITIAL CCNUITION, STEADY-STATE T E H P E R A T U R E HAP+++* 

1,17HSUBR0UTINE STEADY//) 

,13) 

,15) 
X, 

H THE DEB U G O P T I O N WILL Bt us 
HE S T E A O Y - S T A T E TtMPEHATUHE H 

GO TO 100 

ED IN THIS PROeLEM WHEN DETE 

AP./) 

GO TO 110 
100 
R,CONDAL,DELHI.CELR2,D6LR5,DE 
TFL0H(I).I=1.MFL0"),(YFL0H(I) 

(HL5(1),I'l,JJ),(HH04(I),1'1, 

'l,Jj),(Rh08(I)<I=l'JJ''<'^P8( 

I'l, JJ),(THBAT(|)»I'1,MHEAT), 

I=l,JJ),(aALHPG(l),I'l.JJ)»TM 

M F L O W , J J . M H E A T 

GO TO 120 

.R6,RN0DE,((T(I,J),I>1,8)> 
,I'l>HFLaM).GPHlMARY.71,G2, 

JJ),(CP4(I),I'1,JJ),D], 
I ) , I«1,JJ) ,3HAXW,aMAXM, 
(YHEAT(I),I'l,MHEAT), 
>IN4.THPIN8,RH0AL 

110 
( T F L 0 W ( I ) . I ' 1 ' M F L U - ) , ( Y F L 0 W ( I ) , I ' 1 . M F L 0 W ) , G P P I M A R Y , R ( 3 ) , 

STEA 
STEA 
STEA 
STEA 
STEA 
S'EA 
STEA 
S'EA 
ST6A 
STEA 
STEA 
!)TEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
8TEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 

57 
58 
59 
60 



82 

X R ( 5 ) , G 1 , G 2 < G 3 , G Z E R 0 

PRINT 2, MFLOW 
120 L=JJ-KKK2 

DO 310 Ksl.L 
130 J=JJ-K+l 
140 CONTINUE 

|F(DEBUr.)GO TO 150 
PRINT 8 
PRINT 9, 140 
PRINT 2, K,J,JJ.MHEAT . . . , „..C.T, 
PRINT 1, 0MAXW,(3MAXM,(HEAT(I),I'1,JJ).(THEAT(I),I.1.MHEAT), 

X ( Y H E A T ( ! ) , I = 1 , M H E A T ) . ( Q H 2 0 ( I ) , I ' 1 , J J ) . ( Q A L W P G ( I ) . I » I . J J ' 

150 0AL(J)'1551,0774+RHOAL*QALWPa(J) 
A5(J)'4.*C0NDAL*(2.+R(5)*DeLH5) 
A6(J)=(nELR5«+2)+QAL(J)*(4,«R(5)+DELR5) 
A7(J)'CnNDAL+(2.*R(6)-UELR») 
A8(J)=C0NDAL*(2.+R(6)*DELR6) 
A9(J)'2,*R(6)»(DELK6«*2)«QAL(J) 
4 1 0 ( J ) = 4 , + C O N D A L + ( 2 - * R ( 7 ) - U E L R 6 ) 

A12{J) = (DELH6 + *2)*0*L(J'*('''*R17'-'^EI-P*' 
I F ( D E B U G ) G 0 T O 160 

PRINT 8 
PRINT 9, 150 , ^, ,. 
PRINT 1, Q A L ( J ) , A 5 ( J ) , A 6 ( J ) , A 7 ( J ) , A 8 ( J ) , A 9 ( J ) , A 1 0 ( J ) . A 1 2 ( J ) 

160 INDEX'l 
170 CALL W A T E R ( T ( 4 . J ) . C 1 , G 1 . H L 5 ( J ) , R H 0 4 ( J ) , C P 4 ( J ) ) 

CALL WATER(T(6,J).D3,G3,HL/(J)<RH0e(J),CP8(J)) 
IF(DEBUG)GO TO 180 
PRINT 8 
PRINT 9, 170 
PRINT 1, T(4,j),Dl,Gl,HL5(J),RH04(J),CR4(J).T(8,J),D3,G3, 

XHL7(J),RH08(J),CP8(J) 
180 OM2O4(J)=l55l,0774*RHO4(j)*UH2O(J) 

Ow208(J)=155l,0774*RH08(j)«aM20(J) 

A1(J)=2.«HL5(J) 
IF{LPASS)190,190,200 

190 A 2 ( J ) ' R ( 5 ) + Q H 2 0 4 ( J ) 

GO TO 210 
200 A2{J)=R(5)*(d.-RBTRM2)+i:Hk:04(J)+RBTRM2+(((R(5)* + 2-R(3)* + 2 ) / 

XR(5)* + 2) + 0H204(J) + ((R(3)««,!)/(H(5)« + 2))*QAL(J))) 
210 A3(J)'R(5)*ABSF(G1)*CP4(J)/HN0DE 

A4(J)=8.*R(5)+DELR5*HL5(c) 
411(J)«8.+HL7{J>*R(7)+UELR6 
A13(J)'2.+H(7)*HL7(J) 
A14(J)'(R(8)+*2-R(7)**2)«QH208(J) 
A15(J)'(R(8)**2-R(7)+*2)*ABSF(G3)«CP8(J)/RN0DE 
IF(DEBUR)GO TO 220 
PRINT 8 
PRINT 9, 210 
PRINT 1, QH204(J),CH208(J).A1(J),A2(J),A3(J),A4(J),A11(J),A13(J). 

XA14(J),»15(J) 
220 IF(K-1)230,230,240 
230 F{1)=-A2(J)-A3(J)+TMPIN4 

F(5)=-A14(J).A15(J)+TMPIN8 
GO To 250 

240 F(1)=-A2(J)-A3(J)«T(4,J+1) 
F(5)=-A14(J).A15(J)«T(B,J+1) 

250 F(2)=-A6(J) 
F(3)=-A9(J) 
F(4)=-A12(J) • 

STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 

61 
62 
63 
64 
6! 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
62 
83 
84 
65 
66 
67 
68 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
11! 
116 
117 
118 
119 
120 
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IF(DEeUG)GO TO 260 
PRINT 8 
PRINT 9, 250 
PRINT 1, (F( I),I'l,5) 

260 Q(1,1)'-A1(J)-A3(J) 
0(1,2)'A1(J) 
G(2,1)'A4(J) 
G(2,2>'-A4(J>-A5(J) 
G(2,3)'A5(J) 
Q(3,2)>A7(J) 
G(3,3)'-A7(J)-A8(J) 
Q(3,4)'A6(J) 
G(4,3)'A10(J) 
G(4,4)'-AlO(J)-All(J) 
G(4,5)'A11(J) 
G(5,4)'A13(J) 
0(5.5)«-Al3(J)-A15(J) 
IF(DEBUQ)GO TO 270 
PRINT 8 
PRINT 9, 260 
PRINT 1, G(l,l),G(l,2)>G(2>l),a(2,2),G(2,3),0(3,2),G(3>3>,&(3.4), 

XG(4,3),a(4,4),G(4.5),G(5,4),G(S>5) 
270 CALL GAUSS1(G,5,F) 

IF(DEBUG)GO TO 280 
PRINT 8 
PRINT 9, 270 
PRINT 1, (F(|),I»1,5) 

280 DO 290 N'1,5 
NN'N+3 

290 T(NN,J).F(N) 
IF(DEBUG)QO TO 300 
PRINT 9, 290 
PRINT 3, (T(LMN,J),LHN»4,8) 

300 |NDEX'INDEX+i 
IF(INDEX-5>178.170.310 

310 CONTINUE 
IF(LPASS)320,320,340 

320 ir(RBTRM2-,5)330,330,340 
330 J'J-1 * 

LPASS'l 
GO TO 140 

340 CONTINUE 
L8'JJ-J+2 
L9'JJ-KK1 
IF(DEBUB)GO TO 350 
PRINT 8 
PRINT 9, 340 
PRINT 2, L8,L9 

350 DO 530 K'L6,L9 
J«JJ-K*1 

360 CONTINUE 
IF(DEBU(!)GO TO 370 
PRINT 6 
PRINT 9, 360 

PRJNT i! 5;A ; H ' J M A X M ! ( H E A T ( I ) , 1 . I , J J ) . < T H E A T ( I ) , | . I , N H E A T ) . 
X(YHEAT(i).I'l.MHEAT):(OH20(I),I.l.JJ>.tOALNPG(I),I.l,JJ) 

370 0AL(J)'1551,0774.RHOAL+QALWPa(J) 
A5(J)"4.+C0NDAL*(2.+R(5>*DtLR5) 
A6(J)'(DELR5+*2)*QAL(J)*(4,+R(5)*DELH5) 

STEA 

STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
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A7(J)'C0NDAL*(2,*R(6)-DELR5) 
AB(J)'C0NDAL*(2,+R(6)+DELR6) 
A 9 ( J ) ' 2 , * R ( 6 ) + ( D E L R 6 » * 2 ) « 0 A L ( J ) 
A10(J)'4,+CONDAL+(2.«R(7)-UELR6) 
A 1 2 ( J ) « ( D E L R 6 + * 2 ) * 0 A L ( J ) « ( 4 , + R ( 7 ) - D E L R 6 ) 
B K J ) » 4 . « C 0 N D A L 
B 2 ( J ) ' ( D E L R 1 * + 2 ) * Q A L ( J ) 
B3(J)'C0NDAL«(2,*R(2)-DELRl) 
B 4 ( J ) « C 0 N D A L * ( 2 , * R ( 2 ) + D E L R 2 ) 
B5(J)'2.«R(2)+(DELH1+*2)«0AL(J) 
B6(J)'4.*C0NDAL+(2,*R(3)-DtLH2) 
B8(J)=(DELR2**2)*(4-+R(3)-UELR2)+QAL(J) 
IF(DEBUG)GO TO 380 
PRINT 8 
PRINT 9, 370 
PRIiMT 1, QAL(J),A5(J).A6(J),A7(J),A8(J),A9(J),A10(J),A12(J) 

X,B1(J),P2(J),B3(J),B4(J).B5(J).B6(J),B9(J) 
380 INDEXrl 
390 CALL WATER(T(4,J),D2,G2,HL»(J).RH04(J),CP4(J)) 

CALL WATER(T(8.J).D3,G3,HL/(J).RH0e(J).CPe(J)) 
HL3(J)'HL5(J) 
IF(DEBUG)GO TO 480 
PRINT 8 
PRINT 9, 390 „, „, 
PRINT 1, T(4,j),D2,G2.HL3(J)<RH04(J>,CP4(J),T(8,J),D3,G3. 

XHL7(J),RH08(J),CP8(J) 
400 0H2O4(J)'l55i,0774*RHO4(J)+OH2O(J) 

OH208(J)'155l,0774*RH08(j)+QH20(J) 
A4(J)'8, + R(5)*DELB5*HL6(.<) 
A11(J)'8.+HL7(J)+R(7)*DELR6 
A13(J)'?.*R(7)*HL7(J) 
A14(J)'(R(8)++2-R(7)««Z)«QM208(J) 
Al5(J)'(R(e)**2-R(7)«+2)«G3«CP8(J)/RN0DE 
B7(J)'8.«DELR2+HL3(J)*H(3) 
B9(J)'2.«HL3(J)«R(3) 
B10(J)'2.*HL5(J>«R(5) 
Bll(J)'(R(5)++2-R(3)++2)«0H204(J) 
Bl2(J)'(R(5)++2-R(3)++2)«ABSF(G2)+CP4(J)/RN0DE 
IF(DEBUG)GO TO 410 
PRINT 8 
PRINT 9, 400 
PRINT 1, 0H204(J).GH20B(,),A1(J),A2(J).A3(J),A4(J),A11(J),A13(J), 

XA14(J),A15(J) 
X,B7(J),B9(J),810(J).B11(»><B12(J) 

410 IF(LPASS9)420,420,448 
420 I F ( L P A S S ) 4 3 0 , 4 3 0 , 4 7 0 
430 DFIX . ( ( I . - R B T R H 2 ) * C H Z 0 4 ( J ) + R S T R M 2 + ( ( ( R ( 5 ) + « 2 - H < 3 ) * * 2 ) / 

X R ( 5 ) + * 2 ) + 0 H 2 0 4 ( J ) + ( ( R ( 3 ) « * 2 ) / ( R ( 5 ) + + 2 ) ) + Q A L ( J ) ) ) 
LPASS'l 
QO TO 450 

440 0FIXt(RBTRM + 0H204(J)«(l.-RBTRM)*(((R(5)••2«H(3)••2 ) / 
X R ( 5 ) + + 2 ) * 0 H 2 0 4 ( J ) + ( ( R ( 3 ) + * 2 ) / ( R ( 5 ) + + 2 ) ) » 0 A L ( J ) ) ) 

450 B 2 ( J ) ' ( D E L R 1 * + 2 ) * Q F I X 
B 5 ( J ) » 2 . + R ( 2 ) + ( D E L R 1 * + 2 ) * Q F I X 
B8(J)'(DELR2«+2)+(4-«R(3)-UELR2)+0F|X 
I F ( D E B U G ) G 0 T O 460 
PRINT 8 
PRINT 9, 450 
PRINT 1, B 2 ( J ) , B 5 ( J ) , B B ( J ) 

460 CONTINUE 
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470 CONTINUF 
F ( 1 ) ' - B ? ( J ) 
F ( 2 ) ' - B 5 ( J ) 
F(3)=-8fl(J) 
F(4)'.B11(J)-B12(J)*T(4,«+1) 
F(5)'-A6(J) 
F(6)=-A9(J) 
F(7)'-A12(J) 
F(e)«-A14(J).A15(J)*T(8,.; + 1) 
IF(DESUQ)GO TO 480 
PRINT 8 
PRINT 9, 470 
PRINT 1, (F(I),Iil,8) 

480 G d ' D ' - B K J ) 
G(1,2)'R1(J) 
G(2,1)'R3(J) 
G(2,2)'-B3(J)-B4(J) 
G(2,3)«B4(J) 
G(3,2>'B6(J) 
G(3,3)'-66(J)-67(J) 
G(3,4)iR7(J) 
G(4,3>'R9(J) 
Q(4,4)'-B9(J)-B10(-)'B12(J) 
G(4,5)'B10(J) 
G(5,4)'A4(J) 
G(5,5)»-A4(J)-A5(J) 
G(5,6)'A5(J) 
G(6,5)'A7(J) 
G(6,6>'-A7(J)-A8(J) 
G(6,7)'A8(J) 
0(7,6)'A10(J) 
G(7,7)'-A10(J)-Ail(J) 
G(7,8)'A11(J) 
G(e,7)'A13(J) 
G(8,8)'-A13(J)-A15(J) 
1F(DEBUG)G0 TO 490 
PRINT 8 
PRINT 9, 460 
PRINT 1, Qd,l),G(1.2)«G(2.1),G(2,2),G(2.3>,0(3,2).G(3»3).0(3.4). 

XG(4,3),Q(4,4),G(4,5),G(5,4),G(5,5)«0(5,6),G(6.!),8(6,6)»G(6,7). 
XG(7,6)<a(7,7),G(7.6),G(8,7),G(a,8) 

490 CALL GAUS$1(G,8,F) 
IF(DEBUa)QO TO 500 
PRINT 6 
PRINT 9, 490 
PRINT 1, (r(I)<I'l<8) 

500 DO 510 N'1,8 
510 T(N,J)»F(N) 

|F(DEBUG)GO TO 520 
PRINT 9, 910 
PRINT 4, (T(LMN,J),LHN'1,8) 

920 INDEX'|NDEX+l 
IF(INDEX-5)390»390,530 

530 CONTINUE 
IF(LPASS9)540,540,560 

540 IF(RBTRM-.5)550,560,560 
990 J'J-1 

LPASS9'1 
GO TO 360 

960 CONTINUE 
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L99'JJ L99'JJ 
DO 700 K=L88,L99 
J'JJ-K+1 
IF(DEBUG)GO TO 570 
PRINT 8 
PRINT 9, 560 
PRINT 2, K,J, MEAT(I),I'1,JJ),(THEAT(I),I'1,MHEAT), 

OH20(I),I'1.JJ)<(QALWPG(I),I'1.JJ) 
•QALWPa(J) 
5)+DtLH5) 
)+(4.«R(5)+DtLR5) 
DELR5) 
DELR6) 
2)«0AL(J) 
(7)-UELR6) 
J)«(4.«R(7)-DELR6) 

J),A6(J),A7(J),A8(J),A9(J),A10(J),A12(J) 

1,G1.HL5(J),HH04(J),CP4(J)) 
3,GJ.HL/(J).HH08(J),CP8(J)) 

Gi,ML5(J),RM04(J),CP4(J),T(8,J),D3.G3, 

J) 
RH04(j)«QH20(J) 
RH06(»)+QM20(J) 

620 
GO TO 630 
A2(J)=R(5)*(( RBTI 
«R(5)+*2)«0H2O4(J)+( 
LPASS9'1 

RH )+CH:i04(J) + (l,-R3TRM) + (((R(5)+«2-R(3)**2)/ 
(R(3)t+2)/(H(5)+«2>)»0AL(J))) 

•CP4(.)/HN0DE 
•HL5(J) 
7)+UELR6 
J) 
)*+2)+0H208(J) 
)*+2)4AtiSF(U3)+CP8(J)/RN0DE 

H20a(.),Al(J),A2(J),A3(J).A4(J),All(J),A13(J>> 

PRINT 8 
PRINT 9, 640 
PRINT 1, (F(I),1=1,5) 

650 G(1,1)'-A1(J)-A3(J) 

STEA 301 
STEA 302 
STEA 303 
STEA 304 
STEA 309 
STEA 306 
STEA 307 
STEA 308 
STEA 309 
STEA 310 
STEA 311 
STEA 312 
STEA 313 
STEA 314 
STEA 315 
STEA 316 
STEA 317 
STEA 318 
STEA 319 
STEA 320 
STEA 321 
STEA 322 
STEA 323 
STEA 324 
STEA 325 
STEA 326 
STEA 327 
STEA 328 
STEA 329 
STEA 330 
STEA 331 
STEA 332 
STEA 333 
STEA 334 
STEA 339 
STEA 336 
STEA 337 
STEA 336 
STEA 339 
STEA 340 
STEA 341 
STEA 342 
STEA 343 
STEA 344 
STEA 34! 
STEA 346 
STEA 347 
STEA 348 
STEA 349 
STEA 350 
STEA 351 
STEA 352 
STEA 353 
STEA 354 
STEA 355 
STEA 356 
STEA 357 
STEA 358 
STEA 359 
STEA 360 



87 

G(1,2)'A1(J) 
G(2,1)'A4(J) 
G(2,2)'-A4(J)-A5(J) 
6(2,3)'A5(J> 
G(3,2)'A7(J) 
G(3,3)'-A7(J)-A8(J) 
G(3,4)'A8(J) 
G(4,3)'A10(J) 
G(4,4)'-A10(J)-A11(J) 
G(4,5)'A11(J) 
G(5,4)'A13(J) 
G(5,5)'-Al3(J)-A15(J) 
IF(DEBU0)G0 TO 660 
PRINT 6 
PRINT 9, 650 
PRINT 1, G(l,l),Q(l,2),G(2>l),G(2,2),G(2,3)>G(3,2),G(3.3),a(3,4), 

XG(4,3),G(4,4),G(4.5),G(5,4),a(5i5) 
660 CALL QAUSS1(G.5,F> 

|F(DEBUG)GO TO 670 
PRINT 8 
PRINT 9, 660 
PRINT I, (F(I).I'1,5) 

670 DO 680 N'1,5 
NN'N+3 

680 T(NN,J)»F(N) 
IF(DEBUa)GO TO 690 
PRINT 9, 680 
PRINT 3, (T(LMN,J),LMN«4,8) 

690 INDEX'iNDEX+i 
IF(INDEX-5)590.590.700 

700 CONTINUE 
PRINT 6 
PRINT 8 
PRINT 5 
K1«KK1+1 
K2'KKK2-1 
DO 710 K«KKK2,JJ 
J«JJ+KKK2-K 

710 PRINT 3, (T(LHN,J),LMN»4,8) • 
DO 720 K'K1,K2 
J'K2+K1-K 

720 PRINT 4, ( T ( L M N , J ) , L M N ' 1 , 8 ) 

DO 730 K'l.KKl 
J'KKl+l-K 

730 PRINT 3. ( T ( L M N , J ) , L H N ' 4 , 8 ) 

PRINT 6 
PRINT 8 
RETURN 
END 
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SUBROUTINE FLOW 

THIS SUBROUTINE IS USEU TO DETERMINE THE TIME-
RATE IN THE RABBIT TUBE WATER, 

DIMENSION X(50), 

COMMON/2/TI ME,BLANKl(ini)/4/X,Y,M,GPRMARY,Gl, 

R3=R(3) S R5«R(6) 
1 FORMAT(23H0lNOEPENDENT VARIABLE (,fcl2.5,lX. 
X37H) OUT OF RANGE PROBLEM TERMINATED/) 
CALL PRIMARY 
IF(TIME)180,99,99 

99 CONTINUE 
N = 2 
IF(Xd)-TIME*3600.)110.100>160 

100 G l ' Y d ) 
GO TO 170 

110 IF(TIME+3600,-X(M))120,120,160 
120 IF(TIME+3600,-X(N))130,140,150 
130 Gl'((T|ME+3600,-X(N-l))/(X(N)-X(N-l)))«(Y(N)-Y 

GO TO 170 
140 G1=Y(N) 

GO TO 170 
150 N=N*1 

GO To 110 
160 TPRlNT'TIME+3600. 

PRINT 1, TPRINT 
TIME=-20, 
GO TO 180 

170 Gl'Gl*GZERO 
G2'Ol+(R5+*2/(H5++2-H3++2)) 

180 CONTINUF 
RETURN 
END 
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SUBROUTINE PRIMARY 

THIS SU 
RATE IN 

DIMENSI 
DIMENSI 
COMMON/ 
COMMON/ 

1 FORMAT( 
X37H) OU 
N'2 
IF(XPR| 

100 G3'YPR| 
GO TO 1 

110 IF(TIME 
120 IF(TIME 
130 G3'((TI 

X«(YPRIM 
GO TO 1 

140 GS'YPRI 
GO TO 1 
N'N + 1 
GO TO 1 

160 TPRINT' 
PRINT 1 
TIME'-2 
QO TO 1 

170 G3'Q3*G 
180 CONTINU 

RETURN 
END 

R R O U T I N E IS USE!) TO DETERMINE THE TIME-DEPENDENT WATER 
THE WATER CELL SLRHOUNDING THE RABBIT TUBE, 

ON X(50)>Y(50) 
ON XPR|MAHY(58).YPR1MARY(50) 
2/TIME,BLANKl(ini)/4/X,Y,M,GPRIiARY,Gl,32,G3.GZEH0/5/R( 
17/MPHIMARY.XPR1MARY,YPRIMAHY 
23H0INDEPENCEKT VARIABLE (,E12.3,1X, 
T OF RANGE-..,.PRCBLEM TERMINATED/) 

MAHY 
MARY 
70 
+ 360 
+ 360 
ME + 3 
ARY( 
70 
MARY 
70 

(l)-TlME*16nO,)110.100,160 
<1) 

0,.XPRIMARY(MPRIMARY))120,120,160 
0,.XPRIHARY(N))130,140,150 
608^-XPRlHAHY(N-l))/(XPHIMA^Y(N)-XPHIMARY(N-l))) 
N)-YPRIMABY(N»1»)+YPH|MARY(N-1) 

(N) 

150 
10 
TIME+3600, 
, TPRINT 
0. 
80 
PRIMARY 
E 

PHIM 1 
PRIM 2 

FLOWPRIM 3 
PRIM 4 
PRIM 9 
PRIM 6 
PRIM 7 

6) PHIM 8 
PRIM 9 
PRIM 10 
PRIM 11 
PRIM 12 
PRIM 13 
PR|M 14 
PRIM 1! 
PR|M 16 
PRIM 17 
BRIM 18 
'RIM 19 
PRIM 20 
PHIM 21 
PRIM 22 
PRIM 23 
PH|M 24 
PR|H 2! 
PRIM 26 
PRIM 27 
PR|M 28 
PR|H 29 
PRIM 30 
PHIM 31 
PRIM 32 
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SUBROUTINE HEVHSE 

10 

THIS 

TEMPE 

D I M E N 

XSTQHE 
XT(8,5 
XVEOUI 
XYFLOW 
TYPE 
COMMO 

XHFLOW 
XRMOVE 
XBLANK 

X/15/I 
XRBTEN 
COMMO 
FORMA 
FORMA 
FORMA 
FORMA 
FORMA 
FORMA 
FORMA 

8 FORMA 
9 FORMA 

FORMA 
XLOCIT 
VOLEX 

L = l 
M'O 
IF(DE 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 

XRBTEN 
XTRVRS 
X(TFLO 
XIlOl 
PRINT 

100 CONTI 
DO 11 

110 STORE 
VOLND 
FACTO 
K501 = 
DO 25 

250 V O L K 
I15'K 
V O L K 
I16'I 
DO 26 

260 V O L K 
I17'K 
V O L K 
I18«I 
DO 27 

SUBROUTINE IS 
RATURE ADJUSTM 

USEU T 
ENT IN 

0 DETERMINE T 
THE RABBIT T 

HE FLOW-REVERSAL ***TE 
JBE WATEH, 

S I O N 

( 5 0 ) , 
0 ) , T F 

V ( 5 0 ) 
( 5 0 ) , 
L O G I C 
N / l / D 
, G P R I 
, F A C T 
4 ( 1 0 0 
P A S T , 
D , R N D 

N / 1 6 / 
T d O F 
T d O E 
T d O I 
T ( / ) 
T ( 3 4 H 

T ( F 1 2 

T ( ? E 1 
T d H l 
T d X , 
T ( / / 9 
Y , I N 

S ' O , 

R ( 8 ) < R H 0 4 ( 5 0 ) > R H U 8 ( 5 0 ) , 

L O W ( 5 0 ) , T 

, V | N T M D ( 5 

Y P O S N ( 5 0 ) 
AL DEBUG 
E B U G ' ' 2 / T I 
M A R y , G i , G 
0 H , T R V R S 4 
) , D 1 < D 2 . D 
I R A B T 2 , M R 
E N D , H H R V S 
S T O R E 6 ( 5 0 
1 2 , 4 ) 
1 2 , 4 ) 
12) 

COOLANT 
.4,F12,4, 
2.4,112,E 
, 1 7 H S U B R 0 

15) 

6H RABBIT 
VALID INP 

POSN(50). 
0),VOLH50).VOL3(50),VSTORE(50)» 

ME,TPO 
2,G3.a 
/9/T/l 
3,BLAN 
VRS/16 
8,THVR 
) 

SN,YPQSN,PRAB 
ZtR0/5/R/8/RN 
0/JJ,Kl,K2,KK 
KS(4),RBTHM,R 
/VOL3,V0LND3, 
SB 

T/3/HP0SN/4/TFL0W.YFL 
ODE,RLNGTH,RH04.RHRVS 
1,KKK2/14/BLANK3(102) 
3TRM2.TMPIN4,TMPIN8 
STORE,DTAU,VOLNDl'RBT 

WATER 
2112) 
12-4) 
UTINF 

REVER 
UT. PR 

EXPANSION TOO LARGE) 

RtVRSE//) 

St VELOCITY E 
OBLEM TERMINA 

XCEEOS TUBE HATER REV 
TED.) 

BUG) GO TO 180 

4 
9, 9 
3, JJ 
2, VO 

D , B N D E 

4,(VOL 
W(1180 
1,8) 
4 

NUF 
0 J'l, 
8(J)'S 
1«3.14 
R'(R(5 
Kl-1 
0 J'l, 
J)'VOL 
501 + 1 
I15)'R 
15*1 
0 J ' U 
JJ'FAC 
2*1 
I17)'R 
17*1 
0 J ' U 

,IRABT.K 
LND3,D3, 
N D , T I M E , 

3(J),STC 
),YFLOW( 

JJ 
TORE(J) 
15927+(R 
)+*2-R(3 

2,IHAB 
G3,DTA 
GPRIMA 
RE(J), 
Hon), 

T2,K1,MFLUW,M 
U.HNODE,VOLND 
RY,a2,aZEH0,R 
RMU8(J),RH04( 
IlOO'l,MFLOW) 

^VRS 
1,R8TRM,RBTRM2,PRABT, 
HRVS8,TRVRS8,G1,D1,RH 
J),J'l,JJ),(R(I), I'l, 
,((T(I101,1102),1102' 

(5)**2 
)*+2)/ 

)+HNOUE 

(K(5)**2) 

K501 
NDl 

8TRM+V0LNB1*(1,-RBTHM)«V0LND1*FACT0R 

6,K2 
TOR+VOLN 

BTRM2+FA 

8,JJ 

Dl 

CT0H + V0LND1 + (1,-RBT.^M2)+V0LND1 

H 

OW, 
4, 
.RH08, 

NOD> 

REVH 

REVR 
HEVR 
REVR 

REVR 
HEVH 
HEVH 
REVR 
REVR 
REVR 
REVH 
REVR 
REVR 
REVR 
REVR 
REVR 
REVR 
HEVH 
REVR 
REVR 
HEVR 
REVR 
HEVH 
HEVH 

REVR 
REVR 
REVR 

ERSE VEREVR 

RBTNOD 
RVS4, 

8), 
l.JJ), 

REVR 
REVR 
REVR 
REVR 
HEVR 
HEVR 
REVR 
REVR 
REVR 

.REVR 
REVR 
REVR 
REVR 
HEVR 
REVR 
REVR 
REVR 
HEVR 
REVR 
REVR 
REVR 
REVR 
REVH 
REVR 
HEVR 
REVR 
REVR 
HEVR 
REVR 
HEVR 
HEVR 
REVR 

1 
2 
3 
4 
5 
6 
7 
6 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
39 
36 
37 
36 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
59 
56 
57 
58 
59 
60 
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270 V0L1(J)'V0LND1 
IF(DEBU6) GO TO 280 
PRINT 4 
PRINT 9, ?70 
PRINT 2, PRABT,RBTNOD,HBTRM,HBTEND»RND:ND.RBTR12,V0LNDl<FACT0H 
PRINT 3, IRABT,IHAaT2.Kl,K2 
PRINT 2, ( V 0 L I < J > , J = 1 , J J > 

280 CONTINUE 
C 
c 

290 
300 

310 

320 

330 

340 

DO 300 J'l.JJ 
V S T O R E ( J ) ' V O L I ( J ) 
IF(DEBUG) GO TO 310 
PRINT 4 
PRINT 9, 300 
PRINT 2, (VST0RE(J),J«1,JJ) 
PRINT 4 
CONTINUE 
DO 320 J'1,JJ 
V I N T M D ( J ) ' V S T 0 R E ( J ) + H H 0 4 ( J ) 

R H 0 4 ( J ) . D E N S E ( T ( 4 , H ) ) 
V 0 L 1 ( J ) ' V I N T M D ( J ) / H H 0 4 ( J ) 
IF(nEBUG) GO TO 330 
PRINT 4 
PRINT 9, 320 
PRINT 2. ( H H 0 4 ( J ) , J ' 1 , J J ) 
PRINT 4 
PRINT 2, ( V O L I ( J ) . J = l . J J ) 
PRINT 4 
CONTINUE 
DO 340 J'l.JJ 
ST0HE(J)'T(4,J) 
IF(DEBUG) GO TO 350 
PRINT 9, 340 
PRINT 1, (STORE(J),J'l.JJ) 
PRINT 4 

350 CONTINUE 
V O L E X S ' 8 , 

DO 390 J»2,JJ • 
V 0 L E X S ' V 0 L E X S * V 0 L H J » 1 ) - V S T 0 R E ( J - 1 ) 
I F ( V O L E X S - F A C T O R « V C L N D 1 ) 3 7 0 , 3 6 0 , 3 6 0 

360 PRINT 5 
MRVRS'l 
GO TO 580 

370 C°^TINUE^^^^^^^^^^^^^_^^^^^^^^^^_^l^l^j^jj^g,j,,^(j^_g^5,.„„(j^,j, 

X . S T O R E ( J ) ) / ( V 0 L E X S + R H 0 4 ( J - 1 ) * ( V S T 0 H E ( J ) - V O L E X S ) + R H 0 4 ( J ) ) 

IF(DEBUG) GO TO 380 
PRINT 9, 370 
PRINT 2, V0LEXS,T(4,J) 
PRINT 4 
CONTINUE 
CONTINUE 
RMOVE'O. 

Snl:REpi(-?Gl*3.14l59J7*(B(5) + + 2)'DTAU)/RHRVS4) 

X-RM0VE+?.lA15927.R(5)+*2 
IF(VOLRFP)39l,59o.392 
PRINT 10 
STOP 

380 
390 

391 

REVR 
REVR 
REVR 
REVR 
REVR 
REVR 
HEVR 
REVR 
REVR 
HEVR 
HEVR 
HEVR 
REVR 
REVR 
REVR 
HEVR 
REVR 
REVR 
HEVR 
HEVR 
HEVR 
REVR 
REVR 
REVR 
REvR 
HEVR 
REVR 
REVR 
REVR 
REVR 
REVR 
REVR 
HEVR 
REVR 
HEVR 
HEVR 
REVR 
REVR 
REVR 
REVR 
HEVR 
REVR 
REVR 
REVR 
REVR 
REVR 
REVR 
REVR 
REVR 
REVR 
REVR 
REVR 
REVR 
REVH 
REVR 
REVR 
REVR 
HEVR 
HEVR 
HEVR 

61 
62 
63 
64 
6! 
66 
67 
68 
69 
70 
71 
72 
73 
74 
79 
76 
77 
78 
79 
80 
81 
82 
83 
84 
8! 
66 
87 
88 
69 
90 
91 
92 
93 
94 
9! 
96 
97 
98 
99 

100 
101 
102 
103 
104 
10! 
106 
107 
108 
109 
110 
111 
112 
113 
114 
11! 
116 
117 
118 
119 
120 
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392 CONTINUE 
DO 400 J'l.JJ 

400 VEOUIV(J)=VSTORE(J)/VSTORE(JJ) 
VRPE(3V = VCLHEP/VST0RE(JJ) 
IF(DEBUG) GO TO 401 

PRINT 2, (VE0UlV(J),J=l,wJ).(VSTORfc(J),J'l.JJ).VRPEOV,VOLREP,Gl. 

XR(5),DTAU,RHRVS4,RM0VE 

401 CONTINUF 
DO 410 J'l.JJ 

410 VSTORE(J)'VEQUlV(J) 
V A D D ' O . 

DO 420 J'l.JJ 
V A D D ' V A D D + V E Q U I V ( J ) 

K'J 

I F ( V A D D - V R P E O V ) 4 2 0 , 4 2 0 , 4 4 0 

420 CONTINUF 
DO 430 J'1,JJ 

430 T ( 4 , J ) ' T R V R S 4 

GO TO 580 
4 4 0 C O N T I N U E 

V E X E Q V ' V A D D - V R P E O V 

I F ( D E B U G ) G O T O 4 5 0 

PRINT 9, 440 

PRINT 2, VRPEOV,VACD,VtXEOV 

PRINT 3, K 

450 CONTINUE 
DO 460 J=1,JJ 

460 CALL WATER(T(4,J),D1,G1,HLUUMB,HH04(J),CPDUMB) 
DO 478 J«1,JJ 

470 ST0RE(J)'T(4,j) 
IF(DEBUG) GO TO 480 
PRINT 4 

9, PRINT 
PRINT 2, 

4 
1, 
4 

(STORE(J),J'l,Jj) 

470 

(RH04(J),J=l,JJ) 
PRINT 
PRINT 
PRINT 

480 CONTINUE 
I20«K-1 
KEXIT'K 

490 DO 500 1=1,120 
5O0 T(4,L)'TRVHS4 

T(4,K)»((VEOUIV(K)-VEXEOV)*TRVHS4«RHRV34+VEXEOV+STORE(1)«RH04(1) 
X((VEQUIV(K)-VEXEQV)+RHRVS4+VEXEQV*HH04(1 )) 

IF(K-JJ)510,580,580 

510 I21'I20+2 
V L E F T ' V E O U I V d )-VEXB0V 
LINCRS'l 
IMCRES'O 
DO 578 J'I21,JJ 
XNMRTR'e. 
INNER'O 
DENMTR'O. 
M«J+l-KEXIT-LINCRS+lNCHES 
IF(DEBUG) GO TO 519 
PRINT 9, 510 
PRINT 3, J,INNER,M 
PRINT 2, XNMRTR.DENMTR,VEQU1V(J),VLEFT 

519 CONTINUE • 

REVR 
REVR 
REVR 
REVR 
REVR 
HEVR 
REVR 

REVR 
REVR 
REVR 
REVR 
REVR 
REVR 
REVR 
REVR 
REVR 
HEVR 
HEVR 
REVR 
REVR 
REVR 
REVR 
HEVR 
REVR 
REVR 
REVR 
REVR 
REVR 
REVR 
REVR 
REVR 
HEVR 
REVR 
HEVR 
REVR 
REVR 
REVR 
REVR 
REVR 
REVR 
REVR 
REVR 
REVR 

)/REVR 
REVR 
REVR 
HEVR 
REVR 
REVR 
REVR 
REVR 
REVR 
REVR 
REVR 
REVR 
REVR 
REVR 
REVR 
REVR 
HEVR 

121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
13! 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
16! 
166 
167 
168 
169 
178 
171 
172 
173 
174 
175 
176 
177 
178 
179 
188 
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520 I F ( V L E F T - V E O u i V ( J ) ) 5 3 0 / 5 e O , 5 6 0 
530 XNMRTR«VLEFT.ST0RE(M)+HHC4lM)+XNMRTH 

13ENMTR«VLEFT + RHCi4(K)*DtNHTH 
V E O U I V ( J ) ' V E Q U l V ( J ) - V L t F T 
MINUS«M+1 
VLEFT 'VSTORE(MINUS) 
IF (DEBUG) GO TO 539 
PRINT 9 , 530 
PRINT 3 , MINUS 
PRINT 2 , XNMRTR,DENMTR»VEOUIV(J) ,VLEFT 

939 CONTINUE 
I F ( V L E F T - V E Q U I V ( J ) ) 5 4 0 » 5 4 0 , 5 5 0 

540 I M A R K ' M + 1 + I N N E R 

X N M R T R « V L E F T . S T 0 H E ( I H A H K ) + H H 0 4 ( I M A H K ) + X N M R T R 

[ )ENMTR'VLEFT»RH04( IMARK)*DtNMTH 
V E O U I V ( J ) ' V E O U l V ( J ) - V L t F T 
IMAHK2'IMARK+l 
VLEFT»VSTORE(IMARK2) 
INCRES'INCRES+1 
I N N E R ' | N N E R * 1 
IF(DEBUG) GO TO 549 
PRINT 9, 540 
PRINT 3, IM4RK,IMAPK2,INCRtS,INNER 
PRINT 2, XNMRTR,DENMTR,VEOUIV(J),VLEFT 

549 CONTINUE 
IF(VLFFT-VEQUIV(J))540'540,550 

550 I M A R K ' M + 1 + I N N E H 
XNMRTR«XNMRTR+VEQUlV(J)*STUHt(IMARK)»RH04(IMAR<) 
DENMTR'DENMTR+VEQUIV(J)+RHU4(|MARK) 
T ( 4 , J ) ' X N M R T R / D E N M T R 

VLEFT'VLEFT-VEQUIV(J) 
IF(DERUG) GO TO 559 
PRINT 9, 550 
PRINT 3, IMARK 
PRINT 2, XNMRTR,DENMTR<T(4,J),VLEFT 

559 CONTINUE 
GO TO 570 

560 T(4,J)'STORfc(M) 
VLEFT'VLEFT-VEOU|V(J) • 
LINCRS'LINCRS+1 
IF(DEBUG) GO TO 569 
PRINT 9, 560 
PRINT 3, L I N C R S 
PRINT 2, T ( 4 , J ) , V L E F T 

569 CONTINUE 
570 CONTINUE 
580 CONTINUE 

I F ( D E B U G ) GO TO 590 

PRINT 4 
PRINT 9, 560 
PRINT 1, (T ( 4 , J ) , J ' l , J J ) 

RM2,PRABT,R6TN0D, 
8,G1,D1,RHRVS4, 
( R ( I ) , i ' i , e ) , 
102),1102«l,JJ), 

RfcVR 
RfcVR 

REVR 
REVR 
R E V R 
R E V R 
R E V R 

REVR 
REVR 
R E V R 

H E V R 
R E V R 
R E V R 
R E V R 

R E V H 
R E V R 
REVR 

R E V R 
R E V R 

R E V R 
R E V R 
H E V R 
RfcVR 
REVR 
R E V R 
R E V R 
R E V R 
R E V R 
REVR 
R E V R 
R E V R 
R E V R 
R E V R 

R E V R 
R E V H 

H E V R 
H E V R 
R E V R 
R E V R 
R E V R 
R E V R 

H E V R 
R E V R 
RfcVR 
RfcVR 

R E V R 
H E V R 
RfcVR 
R E V R 
R E V R 
HfeVR 
R E V R 
R E V R 
R E V R 
R E V R 
R E V R 
R E V R 
R E V R 

R E V R 
H E V R 

161 
162 
163 
184 
16! 
186 
187 
188 
189 
190 
191 
192 
193 
194 
19! 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
226 
229 
238 
231 
232 
233 
234 
23! 
236 
237 
238 
239 
248 
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SUBROUTINE PREVRSE 

THIS SUBROUTINE IS USEU TO DtTEHMINE THE FLOW-REVERSAL ''ATER 
TEMPERATURE ADJUSTMENT IN THE HATER C E L L SURROUNDING THE RABBIT 
TUBE. 

D 
XS 
XT 
XV 
XY 
T 
C 

XM 
XR 
XB 
X/ 
XR 
C 
F 
F 
F 
F 
F 
F 
F 
F 
F 
V 
L 
M 
D 
V 
I 
T 
V 
M 
L 
G 
C 
T 

X + 
130 C 

I 
P 
P 
C 
C 
D 
B 
I 
P 
P 
P 
P 
C 

110 

120 

140 
150 

160 

170 

IMENSION 
T0RE(58) 
( 8 . 5 0 ) , T 

FQUIV(50 
FLOW(50) 
YPE LOQI 
OMMON/l/ 
FLOw.GPR 
MOVE,FAC 
LANKAdO 
15/IRABT 
R T E N D , R N 
OMMON/18 
ORMATdO 
ORMATdO 
ORMATdO 
ORMAT(/) 
0RMAT(34 
0RMAT(E1 
0RMAT(2E 
ORMATdH 
ORMATdX 
OLEXS'tl. 
'I 
= 0 
0 150 J 
OLEXS'VO 
F(V0LND3 
(8,J)»ST 
OLEXS'VO 
= M + 1 
= L*1 
0 TO 130 
ONTINUE 
(6,J)'(V 
STOREB(J 
ONTINUF 
F(DEBUG) 
PINT 9, 
PINT 6, 
ONTINUE 
ONTINUE 
0 160 J= 
H08(J)=D 
F(DEBUG) 
PINT 4 
RINT 9, 
RINT 1, 
RINT 4 
ONTINUE 

R ( 8 ) > R H 0 4 ( 5 0 ) . R H U 8 ( 5 0 ) . 

F L Q W ( 5 0 ) . 
) , V I N T M D ( 
,YPOSN(50 
CAL DEBUG 
DEBUG/2/T 
IMARY.Gi 
TOR,TRVRS 
0),D1<D2 
, I H A B T 2 , M 
DEND,RHRV 
/ST0RE6(5 
F12,4) 
E12,4) 
112) 

TP0SN(50), 
50),VOLH50),VOL3(50)<VSTORE(50), 
) 
IME,TPCSN,YP0SN,PRABT/3/HP0SN/4/TFLOW.YFLOW, 
G2,G3.GZtHQ/5/R/B/RN3DE,RLNGTH,RH04,RHRVS4, 
4/9/T/10/JJ,Kl,K2,KKl,KKK2/14/BLANK3(102)>RHO8, 
E3,BLANK5(4),RaTHM,R3TRM2,TMPIN4,TMPlN8 
HVRS/16/V0L3,vaLND3,STORE,DTAU,V0LND1»RBTN0D< 
Se.THVflSB 
0) 

H COOLANT WATER EXPANSION TOO LARGE) 
2,4,F12.4,21l2) 
12.4,I12-E12.4) 
1 , 1 7 H S U B R 0 U T I N E RtVRSE//) 
15) 

2,JJ 
LEXS+V0L3(J.L)-V0LND3 
•VOLEXS)110,120,120 
0RE8(J-L) 
LEXS-V0LND3 

0 L E X S * R H 0 8 ( J - L ) « S T O H E 8 ( J - L ) + ( V 0 L N D 3 - V 3 L E X S ) + R H 0 8 ( J - M ) 
-M))/(VOLEXS*HH08U-L)*(VOLND3-VOLEXS)*RHOe(J-M)) 

GO TO 140 
130 
V0LEXS,T(8.j),M,L 

l.JJ 
ENSE(T(8,J)) 
GO TO 170 

170 
(RH08(J),J=1.JJ) 

DO 180 J'1,JJ 
180 STOHE(J)'T(8,J) 

PHEV 
PHEV 
PREV 
PHEV 
PREV 
PHEV 
PREV 
PREV 
PREV 
PREV 
PREV 
PREV 
PREV 
PHEV 
PHEV 
PREV 
PREV 
PREV 
PREV 
PHEV 
PREV 
PREV 
PREV 
PREV 
PREV 
PREV 
PREV 
PREV 
PREV 
PREV 
PREV 
PHEV 
PREV 
PREV 
PREV 
PREV 
PREV 
PHEV 
PREV 
PREV 
PREV 
PREV 
PREV 
PHEV 
PREV 
PREV 
PREV 
PREV 
PREV 
PREV 
PREV 
PHEV 
PREV 
PREV 
PREV 
PREV 
PREV 
PHEV 
PHEV 
PHEV 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
16 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
«0 
41 
42 
43 
44 
4! 
46 
47 
46 
49 
50 
51 
52 
53 
54 
59 
56 
57 
56 
59 
60 
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IF(DEBU(S) GO TO 190 PREV 
PRINT 9, 180 PHEV 
PRINT 1, ( S T O R E ( J ) , J i l , J J ) PHEV 
PRINT 4 PHEV 

190 CONTINUE PHEV 
V0LREP«-(Q3«3,l415927*lRt6)+*2«R(7)*+2)+DTAU)/RHRvS6 PREV 
ADVNCE'V0LREP/V0LND3 PREV 
I'ADVNCE PREV 
REMAIN»AUVNCE-I PREV 
IF(DEBUG) GO TO 200 PHEV 
PRINT 4 PREV 
PRINT 9, 190 PREV 
PRINT 7, VOLREP.ADVNCE.IiRtMAIN PREV 

200 CONTINUE PRE*' 
DO 210 J'l> I PRE** 

210 T(6,J)«TRVRS8 PRE* 
|NTERM«I+1 PREV 
T(6,INTERN)'(REMAIN+TRVRS8+HHRVS8+(1.-^EMA|N)«ST0RE(U PREV 

X*RH08(1 ))/(REMAIN + RHRVS6+d.-RfcMAlN)+^H06(l )) PREV 
IJKLMN'I+2 P^E** 
DO 220 J'|JKLMN,JJ PREV 

220 T(6,J)'(REMAIN«STORE{J-I.l)»RHO8(J-I-l) + d,^HE4AIN) + ST0HE(J-I) PREV 
X + RH08(J-I))/(HEMAIN + HH06(J-I-l) + (l.-RE'iAIN)+RH38(J-I)) PREV 

C """EV 
DO 230 J'l.JJ ^^EV 

230 RH08(J)'DENSE(T(8,J)) ^^EV 

IF(DEBUG) GO TO 240 ^^EV 
PRINT 4 

240 
C 

PRINT 9, 
PRINT 1, 
PRINT 4 
PRINT 1, 
PRINT 4 
CONTINUE 

RETURN 
END 

230 " E V 

(T(8,J),J'l.JJ) ^2|J 

(RHOB(J),J'l.JJ) im 
PHEV 
PREV 
PREV 
PREV 
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SUBROUTINE P O S I T N 

THIS SUBROUTINE IS USEU TO DETERMINE THE TIME-DEPENDENT RABBIT 
VERTICAL POSITION. 

DIMENSION X(50), 
XY(50) 
C0MM0N/2/TIME,X,Y>Z/3/M 

1 FORMAT(23H0lNPEPENDENT VARIABLE (,E12.5,1X, 
X37H) OUT OF RANGE PROBLEM TERMINATED/) 
N'2 
IF(X(1).TIME+3600->110«100.160 

100 Z ' Y d ) 
GO TO 170 

110 IF(TIME*3600.-X(M))120<120,160 
120 IF(TIME+3600,.X(N))130,140,150 
130 Z'((TIME+3608,-X{N-l))/(X(N)-X(N-l)))+(Y(N)-Y(N-l))+Y(N-l) 

GO TO 170 
140 Z'Y(N) 

GO TO 170 
150 N=N*1 

GO TO 110 
160 TPRINT'TIME+3600, 

PRINT 1, TPRINT 
TIME'-2I1. 
GO TO ISO 

170 CONTINUE 
180 CONTINUE 

Z'Z/12. 
RETURN 
END 

POSI 
POSI 
POSI 
POSI 
POSI 
POSI 
POSI 
POSI 
POSI 
POSI 
POSI 
POSI 
POSI 
POSI 
POSI 
POSI 
POSI 
POSI 
POSI 
POSI 
POSI 
POSI 
POSI 
POSI 
POSI 
POSI 
POSI 
POSI 
POSI 
POSI 
POSI 

1 
2 
3 
4 
5 
6 
7 
6 
9 

10 
11 
12 
13 
14 
1! 
16 
17 
16 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
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SUBROUTINE H A B T G O R A B T 1 
C RABT 2 
C THIS SUBROUTINE IS USEU TO DETERMINE THE RABBIT POSITION RABT 
c ADJUSTMENT D U R I N G T H E R A B B I T E J E C T I O N ' H A S E . H A B T 

C RABT 
DIMENSION RHO4(50). RABT 

XT(6,50),TKEEP(3,50).TPOSN(30),TRBT1(3),TR8T2(3),TSTOHE(50). RABT 
XYP0SN(5n) RABT 
TYPE LOGICAL DEBUG HABT 
COMM0N/i/DEauG/2/TIME,TPCSN,YPOSN,PRABT/3/HP0SN/6/RNO0E.RLNGTH, RABT 

XRH04,RHRVS4,RMOVE,FACTOR,THVRS4/9/T/10/JJ,Kl,K2,KKl,KKK2 RABT 
C RABT 

1 F O R M A T ( I H I , 1 7 H S U 6 R 0 U T I N E R A B T G O / / ) H A B T 
2 FORMATdX, 15) HABT 
3 FORMATdX,Ell.5,9E12,5) HABT 
4 F O R M A T ( 1 0 I 1 2 ) HABT 
6 FORMAT(/) HABT 

C HABT 
70 CONTINUE RABT 

DO 100 J'l.JJ RABT 
100 TSTORE(J)»T(4,J) RABT 

IF(LDEBUG) GO TO 9000 $ PRINT 1 % PRINT 2, 100 RABT 
PRINT 3, (TSTpRE(J).u=l..J) i PRINT 8 RABT 

9000 CONTINUE RABT 
DO 120 J'K1,K2 R*BT 2! 
DO 110 I'l<3 HABT 2« 

110 TKEEP(I,J)'T(I,J) HABT 27 
120 CONTINUE R»BT 28 

IF(DEBUR) GO TO 9010 S PRINT 2, 110 $ »H|NT 4, JJ,K1,K2 RABT 29 
PRINT 3, ((TKEEP(I,J),I=l,3),J'Kl,K2) I PRINT 8 RABT 

9010 CONTINUE R*8T 
STOREl'PRABT R»BT 
ST0HE2»PRABT/RN0DE "'^T 
IST0R3'ST0RE2 "'^^ 
ST0RE4'ST0RE2-IST0R3 R*BT 
ST0RE5'(PRABT+RLNGTH)/HNCDE R*BT 
IST0R6'ST0RE5 ^^^l 
STOHE7'ST0RE5-IST0R6 R*BT 
ISTORB'Kl • . l''ll 
IST0R9»K2 „*"' 
IF(DEBUG) GO TO 9020 $ PRINT 2, 120 RABT 
PRINT 4, IST0R3,IST0R6.ISTUH8,IST0H9 R»BT 
PRINT 3, ST0REl.ST0RE2.STOHE4,ST0Rfc5,STORE7 S PRINT 8 RABT 

9020 CONTINUE g . l l 
IF(ISTOR8-JJ)l30,l30,920 ^l, 

130 ir(ST0RF4-.5)160,160,148 "*B' 
140 IF(IST0R8+2-JJ)145.145.141 M A B T 
141 IF(IST0B8+1^JJ)142,142,144 «JB^ 
143 ?RBTl(n:2:'TKEEP(I.IST0R8)-TKEEP(I.IST0Re + l) RA8T 50 

GO TO 151 R.BT 5' 
144 DO 146 I'l<3 OABT "5 
146 TRBT1(I).TKEEP(1,!ETCRB) JJ^I |̂  

111 ?SBTKl!:TKEEP<I,lSTeR6 + 2,-3..TKEEP(I,lST0R8*l)*3..TKEEP(l,IST0H8)Rm V 

''' ^ M J E P U G ) GO TO 9030 f PRINT 2, 150 S =HINT 3, (TRBTi, , ., I-l, 3 - RABT 58 

PRINT 6 HABT 60 
9830 CONTINUE 



98 

160 

170 
180 
190 

9040 
200 

9050 

210 

9060 

220 

9070 

230 

9080 
240 

9090 

250 

9180 

260 

CONTINUE 
IF(ISTOR9-JJ)l70,l70,920 
IF(ST0RF7-,5)180,180.200 
DO 190 1=1,3 
TRBT2(I)=TKEEP(I,l5TCR9-2)-3,*TKEEP(I, 
IF(DEBUG) GO TO 9040 I PRINT 2, 190 % 
PRINT 8 
CONTINUF 
CONTINUE 

RABT 
RABT 
RABT 
RABT 

)RABT 

M A B I 

RABT 
IST0R9-1)*3,«TKEEP(I,IST0R9)HABT 
»RINT 3, (TRBT2(I),I»1.3) RABT 

RABT 
HABT 

$ PRINT 2, 200 S 

210 

CALL POSITN 

R M O V E ' P B A B T - S T O R E I 

IF(DEHUR) GO TO 9050 
CONTINUE 
IF(HMOVE)1058,1050,210 
R B T N O D ' P R A B T / R N O D E 

I R A B T ' R B T N O D 

R B T H M = R 8 T N 0 D - I H A B T 

IF(DEBUG) GO TO 9060 $ PRINT 2, 
PRINT 3, R B T N O D , R B T R H J PRINT B 
CONTINUE 
IF(RBTRM-,5)220,220.230 
Kl'IRABT+1 
IF(DEBUG) GO TO 9070 
CONTINUF 
GO TO 240 
Kl'IRABT+2 
I F ( D E B U G ) GO TO 9080 $ PRINT 2, 230 t 
CONTINUE 
CONTINUE 

R B T E N D = P R A B T + R L N G T H 

R N C E N D = R B T E N D / H N 0 D E 

IRAaT2=RNDEND 
R B T H M 2 ' R N D E N D - I R A B T 2 

IF(DEBUG) GO TO 9090 $ PRINT 2, 
PRINT 3, RBTEND,RNDEND,ReTHM2 » 
CONTINUE 
IF(RBTRM2-,5)250,250,260 
K2=IRABT2 
IF(DEBUG) GO TO 9100 
CONTINUE 
GO TO 270 
K?=IRABT2+1 
IF(DEBUG) GO TO 9110 

SRINT 3, HMOVE t PRINT 8 

S 'HINT 4, IRABT 

I PRINT 2, 220 I »RINT 4, Kl I PRINT 8 

240 S 
PRINT 

'RINT 4, Kl S PRINT 8 

=R|NT 4, IR4aT2 
8 

S PRINT 2, 250 % 9RINT 4, K2 S PRINT 8 

J PRINT 2, 260 S 

9110 CONTINUE 
270 CONTINUF 

KKl'Kl-1 
KKK2=K2+1 
E H O V E = H M O V E / R N O D E 

IMOVE'EMOVE 
E R E M A N S E M O V E - I M O V E 
IF(DEBUr.) GO TO 9120 J 
PRINT 3, EMOVE.EREMAN 

9120 CONTINUE 

'RINT 4, K2 I PRINT 8 

PRINT 2, 
I PRINT 8 

270 % 'RINT 4, KK1,KKK2»IM0VE 

IF(Ki-jj)260,280,920 
280 CONTINUE 

1F(ST0RE4-.5)500,500,290 
290 lF(EREMAN-d,-STORE4))300,3D0,380 

RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 

61 
62 
63 
64 
6! 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
60 
61 
82 
83 
64 
6! 
66 
87 
88 
69 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 



99 

300 DO 310 I'l,3 

310 T(I,Kl).EREMAN + TRSTl(I) + d,-£R£MAN)*TK=EP(I,IST0R8) 
ir(DEBUG) GO TO 9130 S PRINT 2, 310 S 'RINT 3. (T(I,Kl).I=1,3) 
PRINT 8 

9130 CONTINUE 
|F(K1+1-JJ)320,320.920 

320 IENDl'Ki+1 
|F(DE8UG) GO TO 9140 % PRINT 2. 320 S 'RINT 4, lENOl t H R I N T 8 

9140 CONTINUE 
IF(K2-1-JJ)330>340,340 

330 IEND2'K2-1 
IF(DEBUG) GO TO 9l50 % PRINT 2, 330 i 'RINT 4, 1END2 I PRINT 8 

9150 CONTINUF 
GO TO 350 

340 IENU2»JJ 
IF(DEBUG) GO TO 9160 % PRINT 2, 340 S 'HINT 4, IEN02 S PRINT 8 

9160 CONTINUE 
350 DO 370 J'lENDl,IEND2 

IRACK«J-IM0VE-1 
DO 360 I'l,3 

360 T(I,J)'EREMAN*TKEEP(I,1BACK)*(1,-EHEMAN)*TKEEP(1,IBACK*1) 
370 CONTINUE 

IF(DEBUG) GO TO 91/0 % PRINT 2, 360 
PRINT 3, ((T(I,J),I=l,3),J'ItN01,|tND2) J PRINT 8 

9170 CONTINUE 
GO TO 700 

C 
380 CONTINUE 

|F(RBTRM-.5)410,410.390 
390 DO 408 I'l,3 
480 T ( I , K 1 ) ' E R E M A N « T K E E P ( I . I STUR8)*(1.-EREIAN)'TKEEP(I,ISTOHB + 1) 

IF(OEBUG) GO TO 9l80 S PRINT 2, 400 S 'RINT 3, (T(I,Kl),I'1,3) 
PRINT 6 

9180 CONTINUE 
GO TO 430 

410 DO 420 I'l,3 
420 T( I,K1)'((l.-sT0RE4)*THBTl(I) + (ST0HE4-^aTRM).T4EES(I,|ST0R8)) 

IF(DERUG) GO TO 9i90 % PRINT 2, 420 I 'HINT 3, (T(I,Kl),I'1,3) 

PRINT 8 
9190 CONTINUE 
430 CONTINUE 

IF(Kl+l-JJ)448'<40,920 
440 IENDl'Kl+1 

IF(DEBUG) GO TO 9200 t PRINT 2, 440 S 'RINT 4, lEMDl » PRINT 8 

9200 CONTINUE 
|F(K2.l.JJ)450»450.460 

IF(DEBUG) GO TO 9210 $ PRINT 2, 450 S 'RINT 4, IEND2 S PRINT 8 

9210 CONTINUE 

GO TO 470 

**° I F ( D E B U O ) G O T O 9220 J PRINT 2, 460 I 'PINT 4, IEND2 1 PRINT 8 

9220 CONTINUE 

470 DO 490 J'lENDl,IEND2 

I P A C K ' J - I M O V E - I 

480 ??i'j?'EREMAN.TKeEP(I,IBACK)+(l,-ER£HAN).TKEEP(I,IBACK+l) 

490 CONTINUE 
IF(DE8UG) GO TO 9230 J PRINT 2, 480 

RABT 121 
RABT 122 
RABT 123 
RABT 124 
RABT 12! 
RABT 126 
RABT 127 
RABT 128 
RABT 129 
RABT 130 
RABT 131 
RABT 132 
RABT 133 
RABT 134 
RABT 135 
RABT 136 
RABT 137 
RABT 136 
RABT 139 
RABT 140 
RABT 141 
RABT 142 
RABT 143 
RABT 144 
RABT 14! 
RABT 146 
RABT 147 
RABT 148 
RABT 149 
RABT 150 
RABT 151 
RABT 152 
RABT 153 
HABT 154 
RABT 15! 
RABT 156 
RABT 157 
RABT 158 
RABT 159 
RABT 160 
RABT 161 
RABT 162 
RABT 163 
RABT 164 
RABT 16! 
RABT 166 
RABT 167 
RABT 168 
RABT 169 
RABT 170 
RABT 171 
RABT 172 
RABT 173 
RABT 174 
RABT 175 
RABT 176 
HABT 177 
RABT 178 
RABT 179 
HABT 180 



100 

PRINT 3, ((T(I,J),I=l,3),J»IENBl,IfcND2) I PRINT 6 

9230 CONTINUE 

GO TO 710 

500 CONTINUE 
IF(EREMAN-(.5-STORE4))510,510,590 

510 DO 520 I'l.3 
520 T(I<K1)'T(I•IST0R8) 

IF(DEBUG) GO TO 9240 $ PRINT 2, 520 S PRINT 3, (T(I,Kl).I«1.3) 

PRINT 8 

9240 CONTINUE 

IF(Ki+l-JJ)530.530,920 

530 IENDl'Kl+1 

IF(DEBUG) GO TO 9250 S PRINT 2, 530 S 'HINT 4, lENDl I PRINT 8 

9250 CONTINUE 

IF(K2-1-JJ)540.550.550 
540 IEND2'K2-1 

IF(DE8UG) GO TO 9260 J PRINT 2, 540 S 'PINT 4, IEND2 t PRINT 6 

9260 CONTINUE 

GO TO 560 

550 IEND2'JJ „„ . 
IF(DEBUQ) GO TO 9270 $ PRINT 2. 550 S PRINT 4, IEND2 S PRINT 6 

9270 CONTINUE 
560 DO 580 J'lENDl,IEND2 

IB4CK=J-IM0VE-1 
DO 570 I'l,3 

570 T ( I , J ) ' F R E M A N . T K E E P ( I , I B A C K ) + ( 1 , ^ E H E M A N ) + T K E E P ( I , I B A C K + 1 ) 

580 CONTINUE 
I F ( D E B U G ) GO TO 9280 S PRINT 2, 570 
PRINT 3, ((T(I,J),I=l,3),J'IEN01,IfcND2) I PRINT 6 

9280 CONTINUE 
GO TO 710 

C 
590 CONTINUE 

IF(EHEMAN-d.-STORE4))620,620,600 

600 DO 610 1=1,3 
610 T(I,Kl)'((l.^STORE4)+TKEEP(I.IST0R8)+(l,-6REMAN)+TKEEP(I.ISTOR8< 

X)/(2.-ST0RE4.EREM4N) 
IF(DEBUG) GO TO 9290 f PRINT 2. 610 S 'PINT 3, (T(I,Kl).I»l.3) 
PRINT 8 

9290 CONTINUE 
GO TO 640 

620 DO 630 1=1,3 
630 T ( I , K 1 ) = E R E M A N * T K E E P ( I , I S T U H 8 ) + ( 1 . - E R E 4 A N ) + T K E £ P ( I , I S T 0 R 6 + 1 ) 

IF(DEBUG) GO TO 9300 $ PRINT 2, 630 % 'RINT 3, (T(I,Kl),I'1,3) 
PRINT 8 

9300 CONTINUF 
640 CONTINUE 

IF(Ki+i.jJ)650.650.928 
650 IENDi=Kl+l 

IC(DEBUG) GO TO 9310 % PRINT 2, 650 S 'RINT 4, lENDl % PRINT 8 
9310 CONTINUE 

I F ( K 2 - 1 - J J ) 6 6 0 . 6 7 0 , 6 7 0 

660 IEN02'K?-1 
I F ( D E B U G ) GO T O 9320 J PRINT 2, 660 S "RINT 4, IEND2 S PRINT 8 

9320 CONTINUE 
GO TO 680 

670 IEND2=jj 
IF(DEBUG) GO TO 9330 J PRINT 2, 670 $ 'RINT 4, IEND2 t PRINT 6 

9330 CONTINUE 

HABT 
RABT 

RABT 
RABT 
RABT 
RABT 

RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
HABT 
RABT 
RABT 
RABT 

RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 

HABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 
RABT 

1)RABT 
RABT 
HABT 
HABT 
RABT 
RABT 
RABT 
RABT 
HABT 
RABT 
RABT 
HABT 
HABT 
RABT 
RABT 

HABT 
RABT 
RABT 
RABT 
RABT 

RABT 
RABT 
RABT 

HABT 

161 
162 
183 
164 
165 
186 
167 
168 
189 
190 
191 
192 
193 
194 
19! 
196 
197 
198 
199 
200 
201 
202 
203 
204 
20! 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 



101 

680 

690 

700 

9340 
C 

710 
720 
730 
740 
750 

9350 

760 

DO 700 J'lENDl,IENC2 

IBACK»j-IMOVE-l 
DO 690 I'l,3 
T(I,J)'EREMAN+TKEEP(I,iaACK)+(l,-EHEMAN)+T<EEP(I,IBACK+l) 

CONTINUE 
If(DEBUG) GO TO 9340 i PRINT 2. 690 
PRINT 3, ((T(I,J),I=l,3),J«IENDl,IfcND2) $ PRINT 8 

CONTINUE 

IF(K2^JJ)720,720,910 
IF(ST0RF7-,5)730,820,820 

I F ( S T 0 R E 7 + E R E M A N - , 5 ) 7 4 0 , 7 4 0 , 7 6 0 

DO 750 I'l,3 

T ( I , K 2 ) ' E R E M A N + T K E E P ( I , I S T U H 9 - 1 ) + ( 1 , - E ^ E M A N ) « T < £ £ B ( I , I S T 0 R 9 ) 

I F ( D E B U O ) G O T O 9350 % PRINT 2. 750 S 'PINT 3. (T(I,K2),I'1.3) 

PRINT 6 
CONTINUE 
GO TO 910 

CONTINUE 
|F(STORE 
DO 780 I 
T ( l , K 2 ) ' 
IF(DEBUG 
PRINT 8 

9360 CONTINUE 
GO TO 61 
DO 800 I 
T ( l , K 2 ) ' 
|F(DEBUG 
PRINT 8 
CONTINUE 
CONTINUE 
GO TO 91 

770 
780 

790 

600 

9370 
610 

7+EREMAN-i.)79n,790,770 
• 1,3 
EREMAN + TKEEP(I,IST0H9) + (l.^ERE'iAN)+TRBT2(I) 
) GO TO 9360 S PRINT 2, 780 I 'RINT 3, (T(I,K2),I'1,3) 

0 
• 1,3 

( E R E M A N + T K E E P ( I , | S T O R 9 ) + S T O R E 7 * T R B T 2 ( | ) ) / ( £ R E M A N + S T 0 R E 7 ) 

) GO TO 9370 I PRINT 2, 800 S 'PINT 3, (T(I,K2)<I'l,3) 

820 IF(ST0RE7+EHEMAN-i.)e3n,830,850 

830 DO 840 M l < 3 
84 0 T(I,K2).(EREMAN+TKEEP(I.IST0H9-l)+ST0R=7+TKEEP(I,ISTOR9))/(EREHAN 

X+ST0RE7) 
IF(DEBUG) GO TO 9380 f PRINT 2, 840 f 'PINT 3, (T( I ,K2>.I'1.3) 
PRINT 6 

9380 CONTINUE 
GO TO 910 

850 CONTINUE 
IF(HBTRM2-.5)880,880,860 

660 DO 870 I'l<3 
870 T( l,K2)'TKEEP( I.IST0R9) 

IF(DEBUG) GO TO 9390 S PRINT 2, 870 S 'PINT 

PRINT 6 

9390 CONTINUE 

GO TO 900 

I I I ??i!K2)iEREMAN*TKEEP{I,IST0R9-l)+(l,-E^EMAN)+T<EEP(I,IST0R9) 

I F ( D E B U G ) GO TO 9400 f PRINT 2, 690 I 'RINT 3, (T(I,K2),I'I,3) 

PRINT 8 

9400 CONTINUE 

900 CONTINUE 

3. (T(I,K2),1'1,3) 

910 CONTINUE 

HA8T 241 
RABT 242 
RABT 243 
RABT 244 
RABT 24! 
RABT 246 
RABT 247 
RABT 248 
RABT 249 
RABT 250 
PAST 251 
RABT 252 
RABT 253 
RABT 254 
RABT 25! 
RABT 256 
RABT 257 
RABT 258 
RABT 259 
RABT 260 
RABT 261 
RABT 262 
RABT 263 
RABT 264 
RABT 26! 
RABT 266 
RABT 267 
RABT 268 
RABT 269 
RABT 270 
RABT 271 
RABT 272 
RABT 273 
RABT 274 
RABT 27! 
RABT 276 
RABT 277 
RABT 278 
RABT 279 
RABT 260 
RABT 281 
RABT 282 
RABT 283 
RABT 284 
RABT 28! 
RABT 286 
RABT 287 
RABT 268 
RABT 289 
RABT 298 
RABT 291 
RABT 292 
RABT 293 
RABT 294 
RABT 295 
RABT 296 
RABT 297 
HABT 298 
HABT 299 
HABT 300 



102 

920 i 'PINT 4, ICHECK 

930 $ 'HINT 3, T(4,I) » PRINT 8 

920 CONTINUE 
CHECK'RMOVE/PNODE 
ICHECKSCHECK 
EXCeSS=CHECK-iChECK 
I F ( D E P U G ) GO TO 9410 f PRINT 2, 
PRINT 3, CHECK,EXCESS » PRINT B 

9410 CONTINUE 

IF(ICHECK)950,950,930 
930 DO 940 1 = 1 . I C H E C K 

T(4,I)=TRVRS4 
IF(UEBUG) GO TO 9420 f PRINT 2, 

9420 CONTINUE 
IF( I-JJ)94C,1850,105(1 

940 CONTINUE 
950 ICK2=ICHECK+1 

T ( 4 , lCK?) = ( E X C E S S * T R V R b 4 « R M H V S 4 + d . - E X : E S S ) + T S T 0 R E ( l ) + H H 0 4 ( l ) ) 
X / ( E X C E S S + B H R V S 4 + ( l . - E X C E S S ) + H H 0 4 d ) ) 

1CK33 I C K 2 * 1 

IF(DEBUG) GO TO 9430 J PRINT 2, 950 I 'PINT 4, ICK2,ICK3 

PRINT 3, T(4,ICK2) S PRINT 8 

9430 CONTINUE 
DO 960 I=ICK3,IRABT 
M1«I-ICHECK^1 
MM1=I-ICHECK 

T(4, I) = (EXCESS + TSTCRE(M1)+HH04(M1) + (1.-EXC£SS)+TST0RE(MM1)« 

XRH04(MMi))/(ExCESS + RW0«(M)*d.-EXCESS)*RH04(MMl)) 

IF(OEBUG) GO TO 9440 S PRINT 2, 950 S 'PINT 3, T(4,I) » PRINT 8 

9440 CONTINUE 
IF(I-JJ)960,1850,1058 

960 

9450 

970 

9460 

980 

990 

9470 

CONT 

KADV 

M2 = K 
M3 = K 
IF(D 
PRIN 
CONT 
IF(R 
T(4 

X+(EX 
X + d 
X(RBT 
X 
IF(D 
PRIN 
CONT 
GO T 
T(4 

XTSTO 
X/(EX 
X + RHO 
L A D V 

IF(D 
PR|N 
CONT 

DO 1 
H4=l 

H5=I 
T(4, 

X(l 

INUF 

NC'IR 
ADVNC 
ADVNC 
EBUG) 
T 8 
INUE 
BTRM 
KADVN 
CESS-
-EXCE 
RM*RH 

EBUG) 

T 8 
INUE 
0 990 
KADVN 

RE(M3 
CESS + 
4(M3) 
NC'KA 
EBUG) 
T 3, 
INUE 

000 I 
-ICHE 
-ICHE 

!)'(£ 
EXCES 

ABT + i 
-ICHECK-i 
ICHECK 
GO TO 9450 S PRINT 2, 960 S 'PINT 4, KADVNC,M2,M3 

EXCESS)970.97n,980 
C)=(RBTRM*TSTURE( M2) +RH04(M2) 
R B T R M ) « F A C T C R « T 5 T U R E ( M 2 ) • R H 0 4 ( M 2 ) 

SS)+FACTOR*TSTORE( M3) •RH04(M3))/ 
04(M2 )+(fcXCESS-R3TRM)+FACT0R»RH04<M2) 

+(l.-EXCESSl+FACTUH+RH04(M3)) 
GO TO 9460 $ PRINT 2, 970 S 'RINT 3, T(4,KADVNC) 

C)=(EXCESS+TST0RE(M2)+RHO4(M2)+(RaTRM-EXCESS)» 
) + R H 0 4 ( M 3 ) + F A C T C R « ( 1 , - H B T H M ) + T S T 0 R E ( M 3 ) * R H 0 4 ( M 3 ) ) 

RH04(M2) + (RBTHM-EXCESS) + RH04('<3)+FACT3R + (1,-RBTRM) 

) 
DVNc+1 
GO TO 9470 $ PRINT 2, 980 S 'PINT 4, LADVNC 

T(4,KADVNC) S PRINT 8 

=LADVNC,IRAbT2 
CK-i 
CK 

XCESS*TSTORE( "4) 
S)+TSTORE( M5) 

• R H 3 4 ( M 4 ) < 

» H H 0 4 ( M 5 ) ) / 

HABT 301 
RABT 302 
RABT 303 
RABT 304 
RABT 305 
RABT 306 
RABT 307 
RABT 306 
RABT 309 
RABT 310 
RABT 311 
RABT 312 
RABT 313 
RABT 314 
RABT 315 
RABT 316 
RABT 317 
RABT 318 
RABT 319 
RABT 320 
RABT 321 
RABT 322 
RABT 323 
RABT 324 
RABT 325 
RABT 326 
RABT 327 
RABT 328 
RABT 329 
RABT 330 
RABT 331 
RABT 332 
RABT 333 
RABT 334 
RABT 335 
RABT 336 
RABT 337 
RABT 338 
RABT 339 
RABT 340 
HABT 341 
HABT 342 
RABT 343 
RABT 344 
RABT 345 
RABT 346 
RABT 347 
RABT 348 
RABT 349 
RABT 350 
RABT 351 
RABT 352 
RABT 353 
RABT 354 
RABT 35! 
RABT 356 
RABT 357 
RABT 358 
RABT 359 
RABT 360 



103 

)*(l.-EXCE3S)+RH04(H5)) 
J PRINT 2, 990 S 'RINT 3, T(4,I) i PRINT 8 

X ( E X C E S S + R H 0 4 ( M 4 
IF(DEBUG) GO TO 9480 

9480 CONTINUE 
IF(I-JJ)1000,1050.1090 

1000 CONTINUE 
K A D V N 2 ' I R A B T 2 + 1 
H6'KADVN2-ICHECK-1 
M 7 ' K A D V N 2 - I C H E C K 
IF(D£BUG) GO TO 9490 $ PRINT 2, IOOO S PRINT 4, KADVN2,M6,M7 
PRINT 8 

9490 CONTINUE 
I F ( R B T R M 2 - E X C E S S ) I 0 2 8 . 1 0 2 0 . 1 0 1 0 

1010 T(4,KADVN2)'(EXCESS+^ST0HE( M6) 
X + F A C T 0 R + ( R B T R M 2 - E X C E S S ) + T S T 0 H E ( 
X F A C T 0 P + ( 1 , - R B T R M 2 ) + T S T 0 R E ( M 7 ) 
X(EXCESS*RH04iM6 )•FACTOR*(^BTRM2-EXCESS)•HH04(M7) 
X .FACT0R*(1.-RBTHM2)+HH04(M7)) 
IF(DEBUO) GO TO 9500 $ PHINT 2, 1010 S PRINT 3, T(4,KADVN2) 
PRINT 8 

9500 CONTINUE 
00 TO 1830 

1020 T ( 4 , K A D V N 2 ) = ( R B T R M 2 * F A C T C R » T S T 0 R E ( M 6 ) * R H 0 4 ( M 6 ) * ( E X C E S S - R B T R H 2 ) 
X * T S T 0 R E ( M 6 ) + R H 0 4 ( M 6 ) * ( 1 . - E X C E S S ) « T S T 0 R = ( M 7 ) « H H 3 4 ( K 7 ) ) 
X/(RBTPM2+FACTeR*RH04(M6)«(tXCESS-RBTRM2)+RH04(16)*(l.-EXCESS) 
X+RH04(M7)) 

M7) 
>RH04(H6) 

•RH04(M7)« 
•^H04(M7))/ 

PRINT 2, 
PRINT 8 

1828 i PRINT 4, KADVN3 
1030 K A D V N 3 ' K A D V N 2 * 1 

IF(DEBUG) GO TO 9510 t 
PRINT 3, T(4,KADVN2) S 

9510 CONTINUE 
DO 1040 I'KADVN3,JJ 
M8'I-ICHECK-1 
M9'I-ICHECK 
T(4,I)'(EXCESS+TSTORb( H8) •RH34{M8)« 

Xd.-EXCESS)*TSTORE( M9) •RH04(M9 
XRH04(M8 ) + d,^tXCESS)«HH04(M9) ) 

1040 CONTINUE 
IF(DEBUG) GO TO 9520 I PHINT 2, 1030 
PRINT 3, (T(4,I),I'KADVN3,JJ) » PRINT 8 

9920 CONTINUE 
1050 RETURN 

END 

))/(EXCESS+ 

HABT 361 
RABT 362 
HABT 363 
RABT 364 
RABT 36! 
RABT 366 
RABT 367 
RABT 368 
RABT 369 
RABT 370 
RABT 371 
RABT 372 
HABT 373 
RABT 374 
RABT 37! 
RABT 376 
RABT 377 
RABT 378 
RABT 379 
RABT 360 
PAST 381 
RABT 382 
RABT 383 
RABT 384 
RABT 38! 
RABT 366 
HABT 367 
RABT 388 
HABT 389 
RABT 398 
RABT 391 
RABT 392 
RABT 393 
RABT 394 
RABT 39! 
RABT 396 
RABT 397 
RABT 398 
RABT 399 
RABT 488 
RABT 481 
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SUBROUTINE QHEAT 

THIS SUBROUTINE IS USED TO DETERMINE THE TIME-DEPENDENT AND 
POSITION-DEPENDENT HEATING RATE OF A HYDRAULIC RABBIT ASSEMBLY, 

DIMENSION HEAT(5e), 
XOAL(58),QH2O(50), 
XX(50), 
XY(50) 
COMMON/2/TIME,aLANKl(l01)/10/JJ,IBLANKl(4)/ll/HEAT.X,Y.OH20,OAL. 

XQMAXW,QMAXM/12/M 
1 FORMAT(23H0lNDEPENDENT VARIABLE (,£12,5.IX, 
X37H) OUT OF RANGE PROBLEM TERMINATED/) 
N'2 
IF(Xd)-TIME«3600.)llO»100<160 

100 OVSTIM'Yd) 
GO TO 170 

110 IF(TIME+3600,-X(M)<120>120»160 
120 IF(TIME*3600.-X(N))130,140,150 
130 OVSTIM=((TIME*3600.-X(N-l))/(X(N)-X(N-l)))*(Y(N)-Y(N-l))+Y(N-l) 

GO TO 170 
140 OVSTIM'Y(N) 

00 TO 170 
150 N'N+l 

GO TO 110 
160 TPRINT'TIME+3600. 

PRINT 1, TPRINT 
TIME'-20. 
GO TO 190 

170 CONTINUE 
DO 180 J'l.JJ 
QH20(J).QMAXw+HEAT(J)+avSTIM 

180 Q A L ( J ) » O M A X M * H E A T ( J ) * Q V S T I M 

190 CONTINUE 
RETURN 
END 

SUBROUTINE WATER(T,D,G<HL,HHO,CP) 

THIS SUBROUTINE IS USED TO DETERMINE WATER AND HEAT TRANSFER 
PROPERTIES AS A FUNCTION OF TEMPERATURE, FLOW RATE, AND GEOMETRY, 

RH0«62.19615+1.26955S*(T/lOO.)-l.962005*((T/100,)**2) 
X + , 5 6 3 7 5 2 1 * ( ( T / 1 0 0 . ) * + 3 ) - , O B 2 1 7 3 9 1 + ( ( T / 1 0 0 . ) « + 4 ) 

VISC'7.694898-.1387822*T»,1209692+((T/10.)++2) 
X-5.086437*((T/100-)**3)+,8l7571l«((T/100.)++4) 
CONDs.33293+,e003l48l4ei«T 
CP^.9970146+,l777l21«(T/1000.)-2.089844+((T/1800.)++2) 

X*12.29523*((T/1000.)«+3)-18.33239+((T/lOOO.)+«4) 
HL^(.023*COND/D)+((D«ABSF(U)/VlSC)«+.8)*((CP+VISC/COND)•+.4) 
RETURN 
END 

FUNCTION DENSE(T) 

THIS FUNCTION IS USED TO DETERMINE THE TEMPERATURE-DEPENDENT 
DENSITY OF HATER, 

DFNSE'62.19615+1,269555+(T/100.)-1.952005*((T/100,)««2) 
X+,5637521+((T/100-)*«3)-,08217391+((T/100,)**4) 
RETURN 
END 

QHEA 
QHEA 

QHEA 
QHEA 

QHEA 
QHEA 
QHEA 
QHEA 

QHEA 
OHEA 
QHEA 
QHEA 
QHEA 
QHEA 
QHEA 

QHEA 
QHEA 

QHEA 
QHEA 

QHEA 

QHEA 
QHEA 

QHEA 
QHEA 
QHEA 
QHEA 

QHEA 
QHEA 
QHEA 
QHEA 
QHEA 
QHEA 
QHEA 
QHEA 
QHEA 
QHEA 

WATE 
WATE 
WATE 

WATE 
WATE 
WATE 
WATE 

WATE 
WATE 
WATE 
WATE 
WATE 
WATE 
HATE 
WATE 

DENS 
DENS 
DENS 

DENS 
DENS 
DENS 
DENS 

DENS 

DENS 

1 
2 
3 
4 

! 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1! 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

1 
2 
3 
4 

! 
6 
7 
8 
9 
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SUBROUTINE G A U S S I ( A R R A Y , N . U ) 

T H I S SUBROUTINE IS USEU TO 
USING THE METHOD OF GAUSS, 

SULVE A SET OF SIMULTANEOUS 

DIMENSION ARRAY(8,8),A(8),B(8),C(8),D(9),ALPHA(6),S(e> 
NN'N-l 
B(1)=ARRAY(1,1) 
C(l)'-ARRAY(l,2) 
DO 100 I'2,NN 
II'I-l 
III'I+l 
A( I)=-ARRAY(I, II) 
B( I )'ARRAY( 1,1) 

100 C( I)«-ARRAY( 1,111) 
A ( N ) ' - A R R A Y ( N , N N ) 

6 ( N ) ' A R R A Y ( N , N ) 

ALPHA(1)«B(1) 
DO 110 I'2.N 
II'I-l 

llO ALPHA(I)'S(I)-A(I)*C(Il)/ALPHA(II) 
S ( l ) ' D d ) 
DO 120 I'2,N 
II'I-l 

120 S(I)'D(I>+A(I)+S(II)/ALPHAIU) 
D(N)sS(N)/ALPHA(N) 
00 130 I'l.NN 
|I«NN-I+1 
III«II+1 

130 D(II)'(S(II)+C(II)+D(I1I))/ALPHA(II) 
RETURN 
END 

GAUS 
GAUS 

EQUATIONS GAUS 
GAUS 
GAuS 
GAUS 
GAuS 
GAuS 
GAUS 
GAUS 
GAUS 
GAUS 
GAUS 
GAUS 
GAUS 
GAUS 
GAUS 
GAUS 
GAUS 
GAUS 
GAUS 
GAUS 
GAUS 
GAUS 
GAUS 
GAUS 
GAUS 
GAUS 
GAUS 
GAUS 
GAUS 
GAUS 

1 
2 
3 
4 

! 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1! 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2! 
26 
27 
28 
29 
30 
31 
32 
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